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ABSTRACT 


This  Fifth  Quarterly  Progress  Report  presents  the  results 
of  continued  York  on  the  dissemination  of  solid  and  liquid  BW 
agents.  This  project  is  directed  tovard  advancement  of  the 
knowledge  in  the  dissemination  field  and  development  of  weapon 
systems  for  line  source  diaseainstion  from  high  speed,  low- 
flying  8 ir craft. 

Theoretical  studies  of  the  mechanics  of  particulate  materials 
have  resulted  in  equations  for  predicting  the  force  required  to 
move  a  compressed  plug  of  powder  in  a  cylinder;  theoretical  limits 
on  a  resistance  parameter  are  given. 

Experimental  results  on  ths  shear  strength  of  powders  aa 
affected  hy  compaction  and  humidity  are  reported. 

Wind  tunnel  studies  of  deagglomeration  of  finely  divided 
compacted  solids  ara  covered.  Particle  size  data  and  values  for 
the  frequency  of  occurrence  of  agglomerates,  determined  micro¬ 
scopically,  are  given. 

A  design  concept  for  the  first  dry-agent  disseminating  otore 
to  be  designed  and  fabricated  on  thiB  program  is  presented  and 
discussed. 

Studies  of  the  Jet-plume  problem  as  it  relates  to  loss  of 
viability  of  biological  aerosols  are  described.  Experimental 
data  on  viability  lose  and  a  theoretical  analysis  of  the  fluid 
mixing  problem  are  reported. 

Experimental  results  from  s  study  of  the  rheological  behavior 
of  Sm  slurries  made  with  a  fluorocarbon  liquid  are  reported  and 
a  conclusion  on  the  feasibility  of  this  approach  for  disseminating 
solids  is  given. 

Progress  on  the  detailed  design  and  fabrication  of  a  liquid 
agent  disseminating  store  is  reported  and  the  approach  being  used 
to  fabricate  this  unit  is  outlined. 

The  results  of  computations  made  on  ths  systems  analysis  part- 
of  the  program  are  given.  A  variable  decay-rate  mathematical  model 
is  discussed. 
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1.  HTCHODUCTIOtl 


This  is  the  Fifth  quarterly  Progress  He  port  on  the  program  of  re¬ 
search  on  dissemination  of  solid  and  liquid  3#  agents  being  conducted  by 
General  Mills,  Inc.  under  Contract  Ho.  DA-13-061+-CML-2745.  The  overall 
objectives  of  this  program  are  (l)  to  advance  the  state  of  knowledge  in 
the  BW  dissemination  field  and  (2)  to  provide  experimental  external  stores 
for  line-source  dissemination  of  both  liquid  and  solid  agents  from  high¬ 
speed  low-flying  aircraft . 

The  work  conducted  during  this  reporting  period  la  a  part  of  Phase  II 
of  the  program,  which  includes  a  continuation  of  research  pn  solid  agent 
characterization,  delivery,  metering,  dissemination  and  deegglomeratlon 
and  also  the  design  and  fabrication  of  an  experimental  liquid  agent  dis¬ 
seminating  store.  It  is  planned  that  Phases  III  and  IV  will  follow  the 
current  work  and  will  include  design,  fabrication,  functional  testing  and 
flight  testing  of  experimental  solid.-agant  disseminating  stores  and  also 
a  continuous  and  intensive  research  program  on  the  important  aspects  of 
dissemination  of  solid  BW  agents. 

The  progress  during  this  reporting  period  is  covered  in  the  discus¬ 
sions  which  follow.  Highlights  of  the  progress  include  new  theoretical 
analyses  and  experimental  results  on  the  characteristics  of  dry  powders, 
establishment  of  a  design  concept  for  a  dry-agent  disseminating  store  and 
selection  of  the  configuration  and  desi^i  features  of  the  liquid-agent 
store. 
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2.  THEORETICAL  STUDY  OP  THE  MECHANICS  OP  PARTICULATE  MATERIALS 

Theoretical  studies  have  bean  continued  toward  development  of  a  compre¬ 
hensive  theory  of  powder  mechanics.  Two  specific  problems  were  examined  in 
some  detail:  (1)  determination  of  the  force  required  to  displace  a  plug  of 
powder  contained  in  a  cylindrical  tube  and  (2)  preliminary  Btudy  of  the  re¬ 
lationship  between  the  energy  of  compaction  and  the  bulk  density  of  parti¬ 
culate  materials.  The  results  of  these  inveatlgationa  are  reported  below. 

2.1  Realatanca  of  Powder  Plug  Contained  Within  a  Cylindrical  Tube 

One  proposed  means  for  feeding  particulate  materials  is  to  use  a  pis¬ 
ton  to  force  the  material  from  the  storage  chamber  at  a  controlled  rate.  The 
force  required  to  diaplace  the  powder  plug  under  these  conditions  have  been 
determined  approximately  by  means  of  the  following  analysis.  Referring  to 
Figure  2.1.1,  suppose  that  the  powder  is  contained  within  a  cylindrical  tube 
of  diameter  D  with  a  piston  at  each  end.  We  wish  to  determine  the  rBtio  of 
applied  to  resistive  load  when  the  powder  plug  is  at  the  point  of  mov¬ 

ing.  Denoting  the  axial  and  radial  stress  components  hy  <TZ  and  <j'r,  re¬ 
spectively,  and  the  shear  stress  at  the  vail  by  we  have: 


d  f  k  /V 

a  v  z  -  w 


(2.1) 


where  0%  is  the  mean  axial  stress. 

*» 

Movement  of  the  powder  plug  may  te  due  either  to  shearing  of  the  powder 
at  the  wall  or  to  slipping  of  the  powder  plug.  In  the  latter  case  the  shear 
angle  0  of  the  powder  must  exceed  the  friction  angle  9  ■»  tan"1  as 
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Illustrated,  by  Figure  2.1.2-b2*1*1.  Letting  <Tr  -  C  &z  end  writing 
^w  -  H  ^r.  Equation  2.1  takes  the  form: 

4  z  D 

If  it  is  assumed  that  C  is  a  constant,  Equation  2.2  nay  be  integrated, 
yielding:  1+  C  Jl  -L 

CL>  _  *A  .  a  D  (0>O) 

“^T  -IT 


(2.2) 


(2-3) 


The  constant  C  in  this  equation  can  be  easily  evaluated  in  terras  of 
the  shear  angle  0  and  the  friction  angle  9-  The  stress  conditions  exist¬ 
ing  at  the  wall  in  the  physical  plane  are  shown  in  Figure  2.1.2-a.  Figure 
2.1.2-b  illustrate#  the  corresponding  conditions  in  the  stress  plane,  if  it 
la  assumed  that  the  material  near  the  wall  is  at  the  point  of  shearing. 

From  the  geometry  of  Figure  2.1.2-b,  it  is  possible  to  compute  the  con¬ 
stant  CJ  the  result  is: 


C  .  coa  * 

1  +  sin2  0 


1+  -\IT-  00,2  £ _  (cos2  0  +  k  tan2  fl]"1  (2. 

L  V  (1  +  sin2  0)2 


If  the  friction  angle  0  ■  tan"1  f&t  is  equal  to  the  shear  angle  0,  Equation 
2.U  reduces  t.o: 


2.1.1  General  Milla,  Inc.  Report  Ho.  2200,  Third  Quarterly  Progress  Report 
on  Dissemination  of  3olid  and  Liquid  BW  Agents  (Unclassified  Title), 
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cosg  0 
1  +  stn2  0 


(0  •  0) 


(2.5) 


Saturn ing  to  aquation  2.1,  if  we  have  8  >  0,  ■  O' r  tan  0  and 

Equation  2.2  must  ha  modified  as  follows: 


d  <T\ 


d  z 


4  tan  0  3*^  CQ 


(2.6) 


On  Integration^  we  obtain: 


4  C«  tan  0  L 
D 

a  (0*8) 


(2-7) 


Equations  2.3  and  2.4  define  the  force  ratio  Fa/Fh  for  0  2  8 
while  Equations  2.5  and  2.7  apply  for  0*8.  These  reaults  can  be  com¬ 
bined  by  expressing  the  force  ratio  in  the  following  form: 


4  K  L 


-A  -  e 


(2.8) 


where  K  is  a  function  of  0  and  8.  For  0  *  8,  K  ■  C0  ten  0  while  for 
0  2  9,  K  »  C  tan  9.  The  wall  resistance  parameter  K  is  plotted  in 
Figure  2.1.3  aa  a  function  of  0  and  8.  The  theory  indicates  that  a  max¬ 
imum  well  resistance  exists,  for  which  K  «  0.356-  Also,  the  wall  resis¬ 
tance  falls  off  rapidly  with  increasing  0  for  0  >  8. 


The  general  form  of  Equation  2.8  has  been  confirmed  experimentally 


2.1.1 
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Resistance  Parameter 


FIGURE  2.1.3  Wall  Resistance  Parameter  as  a 
Function  of  Shear  Angle  0  and 
Friction  Angle  0,  Piston-Cylinder 
Test 
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fcovevar,  insufficient  data  ar«  available  on  the  ahaar  strength  of  powders 
at  high  stresses  to  enable  a  detailed  comparison  of  the  theory  with  exper¬ 
iment  at  thia  time.  The  required  shear  strength  properties  of  powders 
will  be  determined  in  the  future  under  controlled  environmental  conditiona. 
For  the  present,  an  approximate  comparison  between  theory  and  experiment 
is  possible  for  tale  powder.  Using  the  apparatus  described  in  a  previous 
report2*1 ‘2,  the  shear  strength  of  tala  was  measured  in  a  series  of  exper¬ 
iments  for  compressive  atressea  up  to  about  6000  dynea/cm2.  From  these 
teats,  the  shear  angle  for  talc  was  found  to  be  0  «  35*  ‘  Also,  values  of 
0  end  K  are  available  from  piston-cylinder  tests  reported  in  Reference 
2.1.2.  These  values  for  talc  on  aluminum  are:  9  -  33-6  degrees  and 
K  -  0.319.  From  theory,  we  obtain  -  0.266.  Oa  the  other  hand,  using 
data  for  talc  on  Teflon  from  inference  2.1.2,  we  find  9-36  degrees  and 
KeXp  -  0.358.  The  theoretical  value  in  this  case  la  »  0.356.  Thus, 
the  agreement  between  theory  and  experiment  la  quite  good  for  the  limited 
date  available  at  the  time  of  writing. 

2.2  Compaction  Energy  of  Particulate  Media 

During  thia  reporting  period  ve  have  studied  the  relationship  between 
the  degrees  of  compaction  (expressed  by  the  bulk  density,  yO  )  of  a  powder 
and  the  energy  required  to  produce  this  compaction.  Experiments  were  con¬ 
ducted  in  addition  to  theoretical  analyses. 


2.1.2  General  Mills,  Inc.  Report  No.  2216,  Fourth  Quarterly  ProgresB  Report 
on  Dissemination  of  Solid  and  Liquid  BW  Agents,  (Unclassified  Title) 
August  10,  1961  (Confidential). 
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la  setting  up  mn  experiment  to  determine  this  relationship  one  en¬ 
counters  the  problem  of  accurately  determining  the  energy  adsorbed  by 
the  powder.  Koxmally  when  a  powder  bed  is  compacted  a  certain  portion 
of  the  energy  input  ia  expended  in  overconing  the  friction  between  the 
powder  and  the  walls  of  the  container  enclosing  the  bed.  However,  by 

melting  the  bed  depth  sufficiently  small,  this  energy  may  be  neglected. 

F 
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The  experimental  arrangement  employed  In  this  preliminary  study  la 
sketched  in  Figure  2.2.1.  The  powder  ie  contained  within  a  cylindrical 
cavity  formed  by  placing  an  aluminum  template  0.W3  cm  thick.  In  which 
a  bole  6*3^  cm  in  diameter  hed  been  cut,  on  e  flat  surface  as  shown  in 
the  sketch.  A  piston  having  a  diameter  approximately  0.005  cm  smaller 
then  the  diameter  of  the  hole  in  the  template  was  used  for  applying  the 
load  to  the  powder.  Movement  of  the  piston  wee  measured  by  means  of  a 
cathetometer  which  could,  be  read  to  within  0.005  cm. 

The  testa  were  carried  out  by  filling  the  powder  cavity  with  the  pow¬ 
der  to  be  tested  (in  thia  case,  talc)  and  observing  the  displacement  of 
the  piaton  resulting  from  the  application  of  known  compressive  stresses  to 
the  powder.  The  powder  ueed  in  eaoh  loading  sequence  vas  weighed  on  an 
analytical  balance  at  the  completion  of  the  experiment.  The  results  of 
these  tests  are  summarized  in  Table  2.2.1. 

Ttiese  data  are  presented  in  Figure  2.2.2  with  the  stress  plotted  as  a 
function  of  the  inverse  density,  1  jp .  The  experimental  results  may  be 
expressed  with  satisfactory  accuracy  by  an  empirical  equation  of  the  form: 

c r  -  5-558  x  106  5,1+6 

The  enargy  E  absorbed  by  the  powder  bad  is  glvsn  by: 


S(x)  . 


F  dx 


where  F  is  the  force  acting  on  the  piston  and  x  is  the  depth  of  the  powder 


bad. 
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TABLE  2.2.1 
COMPACTION  ENEBGY  DATA 


o 

i 


c  >  aj  is 

S  s  <  <o 

•  m  ®  ® 

o|  g- 

C—  r!:  ffl 

C  go3 
r“  Jo  zr  2. 

P>  2.  g 

— »  (o  *  cl 
<x>8  go 

Sf  py 

?**  T  3 

» 

52. 

Si 

ID 

Q. 


Mass  of  Powder 
Used,  grams 

Stress,  dynes/cnr 

2.43 

2. 58 

2.52 

2.46 

2.43 

2-52 

Bulk  Density,  srams/cm 

3 

Ax 

(Average) 

0 

0-l£ 

0.17 

0.17 

0.16 

0.16 

0.17 

0 

k 

0.512  X  10 

0.27 

0.28 

0.28 

0.28 

0.29 

0.28 

0 

1.14 

0-31 

0-32 

0-32 

0.30 

0-33 

O.32 

0 

2.07 

0-34 

0-37 

0.35 

0-35 

0-35 

0.36 

0 

3-62 

0-39 

0-39 

0.40 

0-38 

0-39 

0-39 

0.005 

5-19 

0.4l 

0.42 

0.42 

0.40 

0.4l 

0.42 

0.005 

9-14 

0.44 

0.47 

0.48 

0.44 

0.46 

0.46 

0.010 

17-75 

0.52 

0-53 

0.54 

0.51 

0.54 

0.56 

0.015 

Compressive  Stress  (dyoes/ca  x  10 


FIGUBB  2.2.2  Conpressive  Stress  versus  the  Reciprocal 
of  Bulk  Density  for  Tslc 
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Sines  the  area,  A,  of  the  bed  remains  coos  tent  vs  have  xQ  /0Q  -  x/0 
where  /°Q  is  the  lnlUsl  bulk  density  and  xQ  is  the  initial  depth  of  the 
powder  bed.  Writing  dx  •  xQ  d  (^)  and  ?  -  crA,  Equation  2.10  giveB: 


% 


2  $)  ■  j  A  x0  />0<rd$)  -  w0  J  cr^o)  4  (I/O) 

i/o  l/o 


(2.11) 


where  WQ  is  the  ness  of  the  powder  in  the  bed  and  a~  is  the  applied  com¬ 
pressive  stress. 

It  was  noted  during  the  course  of  the  experiments  that  the  powder 
exhibited  a  marked  elastic  behavior  particularly  at  high  atreaaes.  Thus, 
with  a  certain  load  applied  an  aaaociatad  amount  of  energy  is  stored  in 
the  material  in  a  recoverable  form.  If  it  is  assumed  that  the  material 
has  a  linear  elastic  characteristic,  this  energy  can  be  expresaed  as: 

y 

Ee  ■  J?  dy  -  C  J  y'  d  y'  o  C  jjp  -  SL  -  ACTy/2  (2.12) 

o 


where  y  is  the  distance  that  the  piston  springe  back  after  the  removal  of 
the  fores  F.  This  distance  was  measured  in  each  run  for  the  different 
forces  applied  and  is  given  in  Table  2.2.1  under  the  Ax  column. 

The  energy  of  compaction  ia  thus  given  by: 

l/V  &  -  42£ 


*0  / 
17/0 


(2.13) 
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Putting  Equation  2.9  into  Bquation  2.13,  dividing  by  WQ  and  late- 
grating,  va  git  for  the  energy  of  compaction  per  gran: 


a  s 

_£  -  1.25  x  io° 


,  -4.46  ,  -4.1*6 

*  * 


A  g- Ax 


(2.14) 


=c*o  -  -  V'o 

UBing  (-i-)  •  (-i-)  -  6. 07  and  W  »  (W  )  -  2.6  grama,  we 

/V  /°o  averaga  0  0  average 

get  the  following  table  from  Equation  2.14. 


Table  2.2.2 

COMPACTION  HNERQY  AS  A  7UHCTI08  OP  BULK  DENSITY 


\/VQ  x  10“ 
erga/graa 


S2/V0  x  10“ 
stub /arm 


Bc/W0  x  10-1* 
ergs /gram 


3.55 

0.41 

0 

0.4l 

3.1 

0.77 

0 

0.77 

2.3 

1.21 

0 

1.21 

2.55 

1.91 

0.11 

1.80 

2.35 

2.72 

0.16 

2.56 

2.12 

4.38 

0.5a 

3.80 

1.87 

7-58 

1.68 

5-90 

If  E/Wq  ia  plotted  versus  1//0  as  iog-log  graph  paper,  a  straight  line 
with  a  slope  of  minus  4.37  ia  obtained  aa  shown  in  Figure  2.2.3.  Thus,  tha 
energy  of  compaction,  as  determined  from  these  experiments,  is  given  by  the 

empirical  formula .  page  determined  to  be  Unclassified 
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~~  m  9.75x10^  (2)  arga/gram  (1-8?  <  h  <3*55)  (2.15) 

rfo 

j.  3.  Derr,  hae  darivod  an  expression  for  the  compaction 

energy  as  a  function  of  the  density  vhieh  Is  of  the  form: 


wo 


5.3^ 


(2.16) 


Where  /O  is  the  initial  hulk  density  of  the  powder  and  C.  depends 
o  -** 

on  the  Initial  hulk  density  of  the  powder,  the  absolute  density  of  the 
basic  particle,  the  diameter  of  the  basic  particle,  and  an  undetermined 
constant  Bc  which  is  the  energy  per  contact  between  two  particles. 

Thia  relationship  is  compared  with  the  experimental  results  in 
Figure  2.2.3  using  the  experimentally  determined  value  of  /°0  »  0.165  grama/cm^ 
and  aasumlng  »  1.92  x  102.  It  is  interesting  to  note  that  both  the 
experimental  data  for  talc  and  the  theory  give  a  power  law  relationship 
between  the  energy  end  the  bulk  denaity,  although  the  exponents  are  some¬ 
what  different. 

It  appears  likely  that  considerable  insight  into  the  behavior  of  pow¬ 
ders  may  be  obtained  from  a  study  of  the  compaction  process.  The  experi¬ 
mental  investigation  of  compaction  energy  will  therefore  be  continued, 
using  improved  experimental  apparatus  which  will  enable  more  precise  mea¬ 
surement  of  displacements  and  forces.  Some  of  the  effects  which  will  be 
investigated  are; 


2.2.1  Derr,  J.  8.,  Mathematical  Model  for  Energy  of  Compaction  of  a  Bed 

of  Powder,  B.  L.  Tech.  Memo.  9-22,  phyalcsl  Science  Dlv,  Ft.  Detrlek, 
Frederick,  Maryland. 


-  Ih  . 


Page  determined  to  be  Unclassified 
Reviewed  Chief,  RDD,  WHS 


IAW  EO  13526,  Section^ 

Date:  JUL  T9  2013 


nzu  f  'f*  ■  ’  'ir  •  iil  '  * 


FIGURE  2.2.3  Energy  of  Compaction  par  Oreo  versus  the 
Reciprocal  of  Bulk  Density  for  Talc 


ynt 

W 


- 15  - 


Page  determined  to  be  Unclassified 
Reviewed  Chief,  RDD,  WHS 


IAW  EO  13526,  Section  A. 5. 

Date:  jyi_  1  9  $13 


i 

i 

1)  Comparison  of  various  powders  with  respect  to  compaction  £ 

energy  uadar  controllad  conditions  and.  correlation,  if  any,  - 

between  compaction  energies  and  talk  physical  properties.  [. 

2)  3ff eat  of  moisture  content  on  compaction  energy  for  various  [ 

materials .  £ 

3)  Nature  of  elastic  ‘behavior  of  pcnrders  and  associated  hystere¬ 
sis  effects,  if  any. 

!v)  Influence  of  loading  history  on  net  compaction  energy  change 

between  two  density  states.  ^ 


V 
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3.  experiments  os  the  characteristics  o?  pcwdsbs  I 

la  connection  with  both  the  theoretical  analyses  of  force  trena-  J 

mission  in  powders  sad  the  experimental  studies  of  daagglcmeretion  of 
finely  divided  solid s  with  slipstream  energy,  there  has  developed  a  gieat 
interest  in  ths  property  of  sh.sr  strength.  For  this  reason  effort  ha. 
hesn  concentrated  on  obtaining  experimental  measurements  of  this  property 
during  this  reporting  period. 

3,1  Shear  Strength  of  Powders 

Figure  3.1.1  ia  a  sketch  of  the  apparatus  used  in  making  the  shear 
strength  measurement,, .  The  disc  and  surface  are  roughened  by  cementing  , 

piacea  of  #100  sandpaper  to  the  surfacea.  The  roughened  surface  is  j 

necessary  to  insure  sheering  of  the  powder,  rather  than  eliding  oi  the  j 

powder  on  the  metal  surface.  The  force  necessary  to  shear  the  powder 
is  determined  by  measuring  the  output  of  the  full  bridge  fanned  by  four 
SH-4  strain  gages  which  are  cemented  to  the  aluminum  cantilever  beam. 

The  procedure  for  making  the  shear  strength  measurements  is  as 
follows!  A  mask,  consisting  of  a  piece  of  0.1  cm  thick  aluminum  with 
a  6.3*  cm  diameter  hole  in  it,  is  placed  on  the  roughened  eurface.  The 
powder  is  sifted  onto  the  mask,  leveled  with  a  spatula,  and  the  mask 
then  removed.  The  roughened  disc,  which  is  4. 57  on  in  diameter,  is 
carefully  placed  on  the  powder.  Additional  weights  are  then  placed  on 
top  of  the  disc  to  give  the  desired  compressive  load.  Care  must  be 
token  to  properly  align  the  disc  so  that  it  will  not  be  subjected  -o 
a  torque  when  the  shear  strength  is  measured.  Force  is  then  applied 
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FIGURE  3-1.1  Shear  Strength  Apparatus 


to  the  disc  by  aeons  of  the  cantilever  been  until  the  disc  moves,  thus 
shear  ins  the  pcvder. 

The  shear  strength  of  3a,  tele,  end  polyvinyl  alcohol  powders  was 
determined  during  the  current  report  period,  and  the  results  are  pre¬ 
sented  in  Figure  3.1.2.  These  tests  were  med*  at  room  conditions ,  i.a., 
75*F  «nd  about  50%  relative  humidity.  Each  point  plotted  in  Figure  3-1-2 
is  the  average  of  four  measurements. 

3.2  Effect  of  aumldlty  on  Shear  Strength 

3ince  it  la  expected  that  the  mechanical  propertiee  of  most  powders 
will  be  affected  by  humidity,  the  shear  strength  Of  powders  is  being 
studied  under  controlled  humidity  conditions.  A  controlled  atmosphere 
cabinet  has  been  obtained  and  a  system  has  been  built  to  control  the 
humidity  in  the  cabinet  in  the  range  from  1%  to  15%  relative  humidity. 
Figure  3.2.1  la  a  sketch  of  the  apparatus.  Saturated  and  dry  air  are 
mixed  in  the  proper  ratio  to  obtain  the  desired  humidity.  Drying  Unit  jjtL 
contains  about  four  liters  of  "Drierite"  dessicant.  The  final  drying 
Unit  jJ8  contains  Linda  Molecular  Sieve,  Type  13X.  atmosphere  in 
the  cabinet  is  monitored  by  an  Infrared  hygrometer  which  records  the 
humidity  with  an  accuracy  of  +!#  of  the  absolute  humidity. 

During  conditioning  of  the  powder,  the  cabinet  is  maintained  at  s 
very  alight  positive  pressure  (0.2  -  1.0  in.  of  water).  It  is  maintained 
at  the  desired  humidity  for  at  least  48  hours  prior  to  measurements  in 
order  to  1st  the  powder  attain  equilibrium  with  the  environment  inside 
the  cabinet.  During  the  actual  shear  strength  measurements, the  cabinet 
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FIGURE  3-2-1 


Controlled  Humidity  Apparatus 
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is  maintained  at  a  very  alight  negative  pressure  to  facilitate  working 
with  the  rubber  gloves. 

By  using  this  system,  the  shear  strength  of  8*  powder  vs .  coopree- 
alve  load  has  been  determined  at  various  relative  humidities.  Figure 
3.2.2  is  a  plot  of  the  results  obtained  (each  point  representing  the 
average  of  four  determinations).  It  will  ba  noticed  that  the  shear 
strength  Increases  with  increasing  humidity  up  to  3056  relative  humidity. 
However,  at  45#  and  greater  relative  humidity,  the  shear  strength  decreases 
to  a  value  lower  then  that  recorded  for  any  of  the  other  conditions.  Other 
investigations 2,1  have  obtained  similar  results  with  finely  ground 
Carbcwax  6000.  A  possible  explanation  for  this  apparent  drop  in  the  sheer 
strength  can  ba  offered  in  terms  of  the  condition  of  the  powder.  At  the 
lower  humidities  the  powder  is  in  the  form  of  individual  particles.  At 
the  higher  humidities  the  powder  becomes  caked  and  contains  many  relatively 
large  aggregates.  These  can  be  broken  up  by  sifting  the  material  through 
a  screen,  but  the  sifted  material  still  contains  many  aggregates  which 
are  the  size  of  the  screen  openings.  When  the  sheer  strength  measurements 
are  made,  it  is  possible  that  these  aggregates  roll  with  the  movement  of 
the  disc.  Therefore,  it  is  likely  that  some  combination  of  shear  strength 
and  roiling  friction  is  being  measured  rather  than  pure  Bhear  strength. 


3.2.1  General  Mills,  Inc.,  Report  Ho.  2229,  Fundamental  Studies  of  the 
Dispersibility  of  Powdered  Materials,  Fifth  Quarterly  Progress 
Report,  Contract  No.  DA-1S-10B-405-CML-824  (30  September  1961 )• 
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Compressive  Load  (dynes/car  x  10"-3} 


F1GUUE  3.2.2  Shear  Strength  of  S»  Powder  as  a  Function  of  Compressive  Load 


During  the  next  quarterly  period,  the  sheer  strength  of  Bacillus 
nloblgli  versus  compressive  load  vill  be  determined  as  a  function  of 
relative  humidity.  To  supplement  these  experiments,  the  moisture  con¬ 
tent  of  both  &n  and  Bg  will  be  measured  after  exposure  to  constant  tern 
peratu.ro  environments  of  different  relative  humidity. 

Tests  also  will  be  made  on  the  shear  strength  of  Sm  containing  vary 
ing  amounts  of  Cab-O-flil,  a  deaggl operation  agent,  to  determine  the  optl 
mum  concentration  for  minimum  shear  strength. 
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4.  DISSlMIIfAHOI!  AMD  nSAGCLCMCRATIOT  STUDI3S 
4.1  Introduction 

Studies  on  the  dissemination  of  3a  simulant  were  conducted  in  the 
high-subsonic  ■wind  tunnel  during  this  reporting  period.  These  experiments 
were  concerned  with  determination  of  the  degree  of  dcegglaaeretion  pro¬ 
duced  by  the  «ir  stream  when  compacted  and  uncoope  cted  to  were  disseminated 
by  the  pieton-type  disseminator,  daaoribed  in  our  earlier  report. ^ 

All  of  the  evaluation  of  deagglome ration  was  performed  by  microscopic 
examination  of  particles  collected  on  Mllllpore  filters,  placed  in  the  iso¬ 
kinetic  particle  sampling  probe.  Thle  procedure,  although  it  ie  much  more 
difficult  than  the  Whitby  centrifuge  method  (which  la  also  in  use  on  the 
project)  was  considered  necessary  for  this  phase  of  the  work.  The  micro¬ 
scopic  analysis  technique  minimizes  the  probability  of  breaking  agglomerates 
collected  from  the  airstreem  and  permits  examination  of  the  nature  of 
individual  agglomerates. 

Two  types  of  studies  were  made.  In  the  first,  the  particle  size  dis¬ 
tribution  of  the  collected  particles  was  determined  by  direct  counting. 

In  the  second,  specific  attention  was  given  to  the  presence  of  agglomerates, 
and  the  number  of  agglomerates  compared  to  the  total  particles  was  deter¬ 
mined.  Compacted  to  samples  up  to  0.6$  grsos/cm^  were  studied  The  results 
of  these  studies  are  given  below: 
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4.2  Sa  Dissemination  -  Particle  Size  Distribution 

Tha  deagglcneratlon  of  SB  in  t  hi#  velocity  air  stream  vea  datar- 
rained  by  comparing  the  particle  size  distribution  of  the  material  before 
and  after  dissemination  in  the  wind  tunnel.  In  these  tests  Sm  "B"*  was 
injected  at  an  approximate  velocity  of  4  maters/eeo  into  an  air  stream 
maintained  at  Mach  number  0<50.  Hie  resulting  aerosol  van  sampled  at  the 
tunnel  ejXit  on  Millipore  filters  used  with  the  high  velocity  sampling 
probe. 

A  microscopic  method  was  employed  in  analyzing  the  samplers.  The 
specific  techniques  used  in  preparing  slides  from  the  wind  tunnel  sampler 
and  the  method  of  measuring  the  particles  are  discussed  in  the  previous 
progress  report^ * ^ ^ .  For  analysis  of  the  control  material  before  dis¬ 
semination,  Sm  was  dispersed  in  benzene  with  a  Waring  blender.  One  drop 
of  the  suapenslon  was  placed  on  a  Millipore  filter  from  vhlch  a  slide 
was  prepared  using  the  technique  discussed  in  the  reference. 

The  Sm  simulant  was  disseminated  in  both  its  loose  and  compacted 
forme,  at  bulk  densities  of  0.33  and  0.50  ®n/ec  respectively.  In  the 
latter  caaa  the  material  was  compacted  with  a  low-friction,  piston  device 
in  cylindrical  segnents  with  s  length  to  diameter  ratio  of  0.15. 


♦Run  Sl-8m-342 
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3 in co  the  moisture  coetsnt  of  3a  hat  boon  found  to  bo  extremely 
important  in  deegglcooratloa,  this  factor  woe  controlled  by  storing  and 
working  with  the  material  in  a  dry  box  at  dev  point  temperatures  below 
-23*C  (Relative  Humidity,  3  percent).  Xn  theae  teats  the  an  moisture 
content  was  thereby  maintained  at  1.7  percent. 

A  slight  modification  of  the  piston-type  disseminator  discussed  in 

U  2  1 

an  earlier  progress  report  *  *  was  made  for  these  teats  so  as  to  provide 
a  close  control  over  the  injection  of  small  quantities  of  material.  At' 
the  bottom  end  of  the  piston,  e  special  screw  vas  installed  at  the  axis. 
It  has  a  disc  shaped  head  which  is  of  the  same  diameter  aa  the  piston. 

A  space  of  0.63  cm  Is  provided  between  the  end  of  the  piston  and  the 
disc,  into  which  the  am  is  loaded.  During  ejection  the  disc  travels 
0.?  cm  into  the  tunnel  sir  stream  and  small  quantities  of  material,  such 
aa  0.01  gm,  are  released  during  periods  less  than  1.5  m  sec. 

In  theae  testa  the  average  mess  flow  rate  of  Sm  during  dissemination 
vas  about  4?0  gm/min  (1  lb/min).  As  in  previous  tests,  the  resulting 
aerosol  wss  concentrated  near  the  upper  tunnel  vail.  Therefore,  the 
samples  were  taken  at  a  position  0.63  cm  below  this  surface. 

Figure  4.2.1  shows  tha  particle  size  distribution  of  Sm  "B"  before 
and  after  dissemination,  plotted  on  log  probability  paper  on  a  number 
basis.  For  each  test  5  microscopic  slides  vere  prepared  and  a  total  of 
1000  particles  vers  measured.  Each  treatment  represents  an  average  of 


4.2.1  General  Mills  Report  So.  2161,  Second  Quarterly  Progress  Report, 
Dissemination  of  3olld  and  Liquid  BW  Agent  (Unclassified  title) 
Feb.  13,  1261,  pp.  35-36  (Confidential). 


-  27  - 


Page  determined  to  be  Unclassified 
Reviewed  Chief,  RDD,  WHS 
IAW  EO  13526,  Section  3.5 


Date: 


JUL  1  9  2013 


Control  I  | 

wind  Tunnel  Tests  {/ ° g  =  0.3) 
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5  10  20 

Martin's  Particle  Diameter  (microns) 


FIGURE  fc.2.1  Particle  Size  Distribution  for  3m  "B"  Before 

Dissemination  and  After  Sampling  in  Wind  Tunnel 
at  Mach  number  0.5 
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fata.  «.  r«ult.  aho.  aW«l»«V  *  »•"**  <*  “•  Mrti’ 

clea  van  smaller  than  5/t,  in  aU  casaa. 

wr  ferthar  In..**  into  th...  datn,  -  *"• 


tt.  covenant.  of  variance  «.  •«  •«—  «— ~ 

(tel»  deoBltiea  and  control),  hetvean  aaaiplaa  (replicate  run.  of  a  5lvan 

traatmont)  and  tha  maldnal  (tatveen  dlffarant  ^croacop.  .l»  W"1 
M  th.  ...  aemple),  fo  facilitate  thi.  «-*•*».  «•  4i“rtt“U°" 
suiting  fro.  each  niero.eop.  Bill.  “  *  ‘“iJ  °*  10°  p*rtlCl°“ 

and  diacretlaad  Into  three  fraetlona:  0.8S  -  1-75/i,  1'75  "  3'59*“4 

3.50  -  21AM.  FW  th.  v“  ■8I“r*teW- 

At  tn.  10*  confidence  level  no  algnlfleant  difference  «*•«  «««« 
a^le.  of  the  ....  treatment,  Ihua,  the  varlmnca.  m,  he  Pooled  to  pro- 

.td,  .  hotter  eettanta.  The  pnrcent  of  particle,  m  «<*  r™rtl0° 

the  effect  of  each  tr.at.nt  1.  given  m  M*.  ’'1“  " 

_ _  Dooled  at.nd.rd  deviation.  and  coefficient,  of  variation. 


TABU  4.2.1 

tabulation  0?  dispersed  data 


'Treatment 

0.38  -  1.75/1 

Traction 

— r.75  -  S 

-  U  .J^ 

Control 

50*7 

31-9 

17*5 

Wind  Tunnel  ( /°B  - 

0.5) 

56.8 

31.8 

11*5 

Wind  Tunnel  ( /^a  “ 

0.3) 

53.6 

33.4 

13.0 

Overall  Mean 

Pooled  Std.  Deviation 

53*7 

5.2 

32.4 

3.7 

14.0 

3-0 

rne-ff .  of  Variation 

0.10 

0.11 

0.21 
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The  results  of  th*  analysis  of  varianc#  plus  inspection  of  Figure  4.2.1 
and  Table  4.2.1  way  be  susmarised  by: 

1.  Each  treatment  ia  reproducible.  There  exist  no  statistically 
sign  if leant  differences  between  samples  of  each  treatment. 

2.  The  difference  between  dispersion  in  all  the  wind  tunnel  teats 
is  negligible. 

3*  The  control  sample  distribution  is  coarser  than  those  obtained  In 
the  wind  tunnel.  This  implies  a  better  dispersion  was  obtained 
in  the  wind  tunnel  than  in  preparation  of  control  samples.  Zt 
la  felt  this  difference  arises  from  difficulties  in  preparing  a 
microscopic  control  sample.  The  difference  Is  considered  to  be 
within  acceptable  limits  from  the  practical  standpoint  of 
dea  gglomerat ion . 

4 . 3  am  Diaaafalnation  -  Agglomerate  Study. 

The  degree  of  daagglomaratlon.  vaa  alao  studied  over  the  range  of  3m 
bulk  densities,  0.30  -  0.65  gffl/cc,  by  determining  the  relative  number  of 
agglomerates  and  basic  particles  present  ou  Millipore  filter  samples* 

The  sampling  probe  was  again  located  0.63  cm  below  the  top  wall.  At 
this  location  the  observed  agglomerates  were  all  below  20  microns  in  size, 
with  the  majority  in  the  range  1-5  microns.  Also,  they  primarily  consisted 
of  doublets  and  triplets.  The  possibility  of  doublets  forming  as  a  result 
of  two  basic  particles  falling  at  the  seme  point  on  the  filter  means  that 
the  data  obtained  should  De  on  the  conservative  side. 

Figure  4.3.1  shows  the  percentage  of  particulate  material  sampled 
that  consisted  of  agglomerates.  For  each  data  point  1000  particles  were 
counted  under  the  microscope.  There  appears  to  be  very  good  deagglomer¬ 
ation  at  bulk  densities  up  to  0.6  gm/cc.  However,  at  higher  densities  a 
sharp  increase  in  the  presence  of  igglomerates  was  found.  Also,  it  was 
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FIGUB8  4.3*1  Amount  of  Qa  Agglomerates  Present  In 
Wind  Tunnel  Aerosol  os  Compered  to 
3esic  Particles 
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on  the  order  of 


observed  that  a  vary  snail  number  of  agglomerates, 

200  microns  were  sampled  at  the  higher  densities.  In  future  experi¬ 
ments,  these  will  be  studied  further  to  establish  the  amount  of  mass 
they  represent. 
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5.  DS3IGH  CONCEPT  FOR  DRY-AGENT  MSSBUHAK* 

5.1  Introduction 

In  th.  field  of  dry  .6."*  dlseeulnetlon,  one  of  tne  prlnolpel  oil 
tire.  =0  thi.  projeol  i.  to  provide  .  eolid-.^t  extemel  die— tW 
ltOT  ***  vlll  0.  ..  neerly  ..  poe.101.  unlvereel  ultn  reepeot  to  t* 
carrier  eircreft,  tn.  cherecterietlo.  of  t*.  ..»*  teln,  dl..»ln.ted  end 
«  type  of  nleelon  telnp  perform.  Pe-eerch  conducted  coder  thi.  pro- 
goon  provided  dot.  lo  e.v.r.1  «...  releted  to  die.«.i».tor  deeipo 
vhico  no.  vet.  It  P0..1W.  to  ...aid.  .  de.len  concept  for  the  flret 
r»ll-.l»  airborne  dry  .(Sent  dl.eemlnetlne  to  be  f.brlc.t.1  under 

..  inter  on...  of  thie  prodeot.  «•  «»“"«•  •»  8'““r12'1 


below: 


u)  »—r«s“krsr£ 

shown  Section  k)  that jPJ? iTdea  Mlcnerated  by  an  air- 
.trean 

of  0.5  gga/an3. 

(2)  Experimental  studies  ofthe^ecoof^o.pactioo^  th^ 

liability  of  to  reported  P^^^tainal  ™a'ility  ia  re- 
approximatelyUO  percent  of  J**  °T  *  a9  ^igh  a»yi6  atmca- 
tained  after  compaction  with  pre  indicate*  that  bulk 

phare. .  Independent  work  at  ?ort  Detrick  indic^ 

denaitiea  of  approximately  0-58™  £8Bi*i0  ^ 
ability  standpoint)  with  dry  UL  agent. 

(3)  in  conn^e-tion 

to.!  c^pect^  p  ug.  of  S  ^lt»  Mch  m  g.„„Uy  in 
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the  millimeter  size  range.  Higfr  speed  photographs  have 
shown  that  compacted  plugs  several  millimeters  in  diameter 
are  readily  deagglooa rated  in  the  wind  tunnel  if  the  mois¬ 
ture  content  is  maintained  below  approximately  2  percent. 

The  above  work  indicates  that  precision  should  be  made  in  the 
design  of  the  airborne  disseminating  store  for  handling  compacted 
solid  agents.  For  maximum  flexibility  it  is  also  desirable  that  the 
store  be  capable  of  disseminating  un impacted  agents.  It  is  antici¬ 
pated  that  the  design  concept  described  below  will  be  suitable  for 
both  applications. 

5.2  Design  Concept 

Figure  5*2.1  shows  the  principal  features  of  the  dry  agent  dis¬ 
seminating  store  currently  under  Btudy.  A  cylindrical  agent  container 
is  located  inside  the  aerodynamics lly  shaped  outer  skin.  The  space 
outside  the  agent  container  is  filled  with  low-density  foam  insulation 
to  minimize  heat  transfer  into  the  agent  before  arrival  at  the  target. 

The  agent  container  is  fitted  with  two  pistons  which  ars  mounted 
on  a  lead  screw  which  extends  the  full  length  of  the  cylinder.  Rota¬ 
tion  of  the  screw  advances  the  pistons  toward  the  center  of  the  store. 
This  is  accomplished  by  providing  a  left-hand  thread  on  one  side  and 
a  rietfvt-hand  thread  on  the  other.  A  guide  fixed  to  the  cylinder  pre¬ 
vents  the  pistons  from  turning  relative  to  the  cylinder. 

At  the  center  of  the  agent  storage  container,  a  disaggregator  la 
mounted  on  the  shaft  which  scrapes  the  agent  from  the  two  plugs  which 
arc  advanced  from  each  side.  The  loose  material  falls  to  the  bottom 
of  the  central  section  where  it  is  discharged  through  an  orifice  in 
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Rotary  Actuator  with  Speed  Selector  (5  epee da) 


FIGURE  5.2.1  Design  Concept  of  Airborne 

Dory  Agent  Disseminating  Store 
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a  tvo-phaae  mixture  with  the  motivating  gas  (probably  dry  nitrogen) 
which  ia  stored  in  a  cylinder  in  the  aft-aaction  of  the  store. 

The  central  shaft  of  the  disseminator  ia  driven  by  an  electric 
motor  through  a  high-torque  variable  speed  transmission.  The  power  for 
the  system  is  generated  by  a  ram-air  turbine  located  in  the  nose  of  the 
store. 

This  configuration  appears  to  have  several  advantages ,  the  moat  im¬ 
portant  of  which  are  listed  below : 

1,  The  length -to-diame ter  ratio  of  tha  plug  of  material  being  trans¬ 
lated  by  the  piston  is  approximately  3>  which  is  compatible  with 
moderate  frictional  forcea.  Research  investigations  on  this  con¬ 
tract  have  shown  that  the  force  required  on  the  piston  in  such 
systems  increases  exponentially  with  the  length- to-diame ter  ratio 
and  be  coma  a  prohibitively  high  at  values  (l/d  /v'  6)  which  would  be 
required  in  a  Bingle-piston  system  designed  for  beat  utilization 
of  an  optimum  external  store  shape. 

2.  This  configuration  will  maintain  the  center  of  gravity  within 
narrow  limits  during  tha  satire  dissemination  run,  in  contrast 
with  a  ayBtem  in  which  tha  material  ia  transferred  to  the  aft 
end  of  the  store.  This  feature  will  minimize  the  required  cor¬ 
rections  to  the  flight  controls  during  dissemination. 

3*  The  arrangement  of  pistons  is  convenient  for  experimental  use 
of  the  disseminating  store  with  smar..  'uentitles  solid  agent. 
The  residual  quantities  of  material  should  be  minimal  and  fill¬ 
ing  with  a  small  quantity  will  be  possible. 
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V.  Mat* rial*  with  a  vida  range  of  hulk  density  should  ha  compat¬ 
ible  with  thia  configuration  giving  a  maximum  flexibility  to 
the  disseminator. 

5.  The  power  required  to  drive  the  mechanism  is  low,  and  will  he 
compatible  with  that  available  from  a  small  ram-air  turbine. 
Tha  piston*  and  the  alow-apaad  disaggregstor  put  a  very  low 
energy  into  the  dry  agent,  minimizing  heating  of  the  agent. 

6.  By  providing  a  spead-seleetion  feature,  a  wide  range  of  feed 
rates  will  he  aveilahle.  We  are  currently  planning  to  provide 
speeds  of  100$,  75$,  50$,  3? -5$  and  35$  of  the  maximum  rate. 


Other  Dbb lgn  Considerations 


Preliminary  study  has  been  given  to  several  aspects  of  the  dry-agent 


disseminator  design,  as  summarized  he lew: 


External  Shap 


Six  external  store  Bhapes  have  been  considered,  aa  listed  below: 


Fineness  Ratio 
6 
8 


10 

12 

9*33 

3.57 
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Ordinates  for  the  NACA  -  65A  series  were  presented  in  the  Second  Quarterly 
Progress  Report. Ordinates  for  the  cylindrical  body  and  the  Douglas 
Aircraft  (DAC)  store  are  given  in  Table  5*  3-1* 

With  respect  to  these  store  shapes,  tvo  Important  considerations  are: 

1.  The  aerodynamic  drag,  and 

2.  The  volume  of  the  largest  cylindrical  agent  storage  container 
that  can  ha  placed  Inside  the  shell  (see  Figure  5-2.1). 

The  aerodynamic  drag  of  these  store  shapes  Is  summarized  in  Figure  5-3-1- 
It  may  he  seen  that  at  subsonic  velocities  below  M  ■  0.9,  all  of  these  bodies 
have  low  drag  coefficients  (below  Cj^  =  0.1).  In  3uperBonic  flight  there 
is  a  considerable  increase  in  the  drsg  coefficient,  and  the  spread  between 
the  several  configurations  is  larger.  The  DAC  store  and  the  NACA  -  65A  store 
with  Z/d.  «  10  have  the  best  supersonic  performance. 

A  study  was  also  made  to  determine  the  volume  of  the  largest  cylindrical 
agent  storage  container  that  would  fit  in  the  stores.  For  illustrative  pur¬ 
poses  a  fixed  maximum  outer  diameter  of  22  inches  was  used.  Table  5-3-2  pre¬ 
sents  the  results. for  the  six  cases  studied.  The  highest  agent  volume  was 
for  the  cylindrical  body.  Jn  final  selection  of  the  store  shape,  this 
desirable  characteristic  must  be  weighed  against  the  drag  advantage  of  the 
DAC  store  in  supersonic  flight.  The  NACA  -  65A  store  with  i!/d  ■  12  is  favor¬ 
able  (considering  agent  volume)  but  ia  not  a  very  practical  design  because 
of  clearance  problems  associated  with  the  greater  length. 
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ORDINATES,  IK  P3HCBNT  0?  LENGTH,  FOB  CYLOT2GCA1 
BODY  AMD  DAC  STORS 


Cylindrical  Body 

DAC  Store 

Fineness  Ratio  9.33 

Fineness 

Ratio  8.57 

x/1,  percent 

r/l,  percent 

x/1,  percent 

r/l,  percent 

0. 

0. 

0. 

0. 

.360 

.300 

1.94ft 

.946 

1.210 

.730 

4.722 

2.033 

3.o4o 

1.440 

7.500 

2.869 

it-. 670 

2.090 

10.278 

3.513 

6.710 

2.650 

13.056 

4.016 

8.260 

3.070 

15-933 

4.416 

9.150 

3.290 

18.611 

4.745 

9.690 

3.440 

21.389 

5.026 

1Q.8U0 

3. 700 

24.167 

5.272 

11.990 

3.940 

26.944 

5.485 

13. 1W> 

4.120 

29.722 

5.661 

l*t.  290 

4.300 

32.500 

5.785 

15.440 

4.440 

35.278 

5.833 

17.740 

4.700 

42.500 

5.833 

20.040 

4.920 

49.722 

5.833 

22.340 

5-090 

52.500 

5.812 

24.640 

5.200 

55.278 

5.749 
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Table  5*3*1  Continued 


x/l,  percent 

r/1,  percent 

x/l,  percent 

r/1,  percent 

26-940 

5-300 

58.046 

5-646 

29-240 

5-340 

60.333 

5-507 

31-540 

5-360 

63-611 

5-332 

61-700 

5-360 

66.389 

5.125 

68.69 0 

5-200 

69-167 

4.880 

74.950 

4-760 

71-944 

4.623 

81.220 

3-940 

74.722 

4.334 

87.480 

2-760 

77*500 

4.023 

90.600 

• 

2.110 

80.273 

3-693 

93-750 

1.420 

83-056 

3-347 

96.890 

-720 

85-833 

2.989 

98.440 

.360 

88.611 

2.620 

100.000 

0. 

91.389 

2.246 

93.611 

1.944 

95-833 

1.630 

98-056 

1.208 

100.000 

0. 

Source :  Stevens,  J.  S.  and  P.  2.  Purser,  "Plight  Measurements  of  the 
Transonic  Drag  of  Models  of  3everal  isolated  External  Stores  and  Nacelles", 
NACA  Research  Memorandum  RM  L5*»L07,  1955,  P*  11- 
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FIGURE  5.3.I.  Transonic  Drag  Coefficients 
of  Isolated  Storea 


Source:  Stevens,  J.  E.  and  P.  E.  Purser, "Plight  Measurements  of 
Tranaonic  Drag  of  Models  of  Several  Isolated  External 
Storea  and  Nacelles",  KACA  Research  Memorandum  HML54L07, 
1955- 
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DIMENSIONS  PC®  MAXIMUM  VOLUME  TANKS  TTETHIO 
INfllEB  BODIES  OP  H3V0LUTICH  22-IN.  MAX.  DIA. 
' (1-In.  Mia.  Clearance  at  End*  of  Tank) 


I 

Body 

Designation 

Fineness 

Batio 

Agent 

Volume 
feu.  m.) 

Length 

(in.) 

Diameter 

1I5J _ 

i/d 

1 

MCA  -  65A 

6 

11,1*1*0 

58.0 

15.8 

3-67 

MCA  -  65A 

8 

15,420 

81.2 

15.2 

5.23 

1 

MCA  -  65A 

10 

18,900 

94.0 

15.8 

6.07 

MCA  -  65A 

12 

23.150 

116-5 

15.8 

7*37 

1 

Cylindrical 

9*33 

28,500 

lll.l 

18.1 

6.15 

1 

□AC 

8-57 

19,580 

94.8 

16.3 

5.83 

n 
■ ! 


5.3.2  Discussion  of  the  Rotating  Mechanism 

It  la  currently  planned  that  the  rotational  speed  of  the  central 
shaft  will  he  used  aa  the  main  control  of  feed  rate.  The  function  of 
the  gas  flow  will  be  to  discharge  the  material  Into  the  slipstream  at 
the  same  rate  it  is  delivered  by  the  pistons.  It  is  planned  that,  the 
unit  will  be  provided  with  a  speed  selection  feature  to  permit  operation 
at  100$,  75$,  50$,  37*5$  and  25$  of  the  maximum  speed,  considering  the 
possibility  of  intentionally  varying  tne  bulk  density  of  the  agent  over 
a  range  of  approximately  2  to  1,  thasa  5  speeds  could  provide  a  range  of 
agent  mass  flow  ratee  varying  by  a  factor  of  eight  (8). 

The  process  of  removal  of  material  from  tne  advancing  slugs  is  a 
Blow-speed  low-energy  process  which  should  have  a  minimum  effect  on  the 
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viability  of  the  agent.  For  illustrative  purposes  we  may  assume  that  the 
agent  mass  flow  rate  is  to  be  30  pounds  per  minute ,  the  diameter  of  the 
agent  container  is  18  inches ,  and  the  agent  1b  initially  compacted  to  a 
bulk  density  of  0.5  gn/cm^  (31*2  pounds/ft^).  2ach  piston  must  then  de¬ 
liver  0.482  ft^/ain,  which  corresponds  to  a  rate  of  advance  of  0.272  ft/mln. 

A  rotational  speed  of  16  rpra  would  be  compatible  with  a  rate  of  advance  of 
0.017  ft  (.20  lnch)/revolutlon.  A  variety  of  designs  for  the  di 3 aggregator 
suggest  themselves.  Multiple  cutter-blades  are  perhaps  the  most  straight¬ 
forward  design.  An  array  of  spikes  or  needles  ia  also  a  possibility.  Such 
designs  will  be  evaluated  in  future  laboratory  investigations . 

With  the  lead  screw  running  through  the  cylinder,  it  will  be  necessary 
to  devise  a  method  for  cleaning  out  the  thread  Just  ahead  of  the  piston.  If 
this  is  not  feasible,  the  screw  will  have  to  be  covered  by  a  telescoping  or 
collapsing  shroud. 

It  will  be  necessary  to  seal  off  the  anda  of  the  cylinders  to  prevent 
escaping  material  adhering  to  the  cylinder  walls.  This  might  be  done  by 
placing  a  bulkhead  at  the  enda  of  tha  cylinder.  An  alternate  solution  would 
be  to  uae  a  pleated  sleeve  sealed  to  the  piston  at  one  end  and  the  cylinder 
at  the  other.  As  tha  platon  moves  toward  the  center,  the  sleeve  would  unfold. 

As  the  piston  moves  toward  the  center,  the  spice  behind  the  piston  must 
be  filled  with  eir  (or  other  gas)  to  equalize  the  pressure. 

One  aspect  of  the  proposed  concept  which  needs  to  be  investigated  more 
fully  la  the  force  required  to  move  the  pistons  when  the  cylinder  is  loaded 
with  compacted  material.  Data  presently  available  on  piston  forces  pertain 
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to  snsll-diametar  cylinders  initially  filled  with  loose  ast oriel.  Testa 
ere  needed  in  which  material  ia  compacted  into  cylinders  approximately 
18  inches  in  diameter  and  forces  required  to  move  the  compacted  load  are 
measured,  in  the  event  that  exceativaly  large  cylinder  wall  resistive 
forces  are  encountered,  methods  will  he  sought  for  reducing  these  forces. 
Some  thought  has  teen  given  to  methods  for  accomplishing  this. 

Since  these  forces  result  from  redial  pressure  of  the  compacted 
material  against  the  inner  cylinder  wall,  it  should  ha  possible  to  lower 
the  force  if  the  cylinder  of  material  is  allowed  to  expand  slightly  after 
the  material  is  compacted.  This  could  be  accomplished  by  compacting 
the  material  in  an  auxiliary  loading  cylinder  which  is  slightly  smaller  in 
diameter  than  the  cylinder  in  the  store.  When  the  compacted  plug  is  pushed 
into  the  store,  the  plug  can  be  expanded,  without  creating  high  radial 
preaeurea. 


Because  of  the  low  rotational  speed  (approximately  16  rpm)  of  the 
dlsaggre gator,  the  power  consumed  by  this  portion  of  the  unit  la  expected 
to  be  small  relative  to  the  power  required  to  move  the  materiel  along  the 
cylinder  by  means  of  the  screw-driven  pistons.  An  estimate  of  the  power 
required  to  drive  the  pistons  can  be  mads  if  the  experimental  values  of 
piston  forces  obtained  with  small-diameter  cylinders  are  assumed  to  apply 
to  large-diameter  cylinders  aa  veil.  This  relationship  will  be  studied  in 
da tail  before  final  designs  are  made.  However,  preliminary  indications  from 
tests  with  talc  (compressed  to  0.5  ®»/cbj3)  are  that  a  pressure  of  20 pad  .  . 
will  be  adequate. 
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To  exert  •  pressure  of  20  pal,  a  piston  Id  inches  in  disaster  oust 
be  driven  by  an  sxial  force  of  5090  lba.  The  screw  which  drives  the  piston 
has  a  pitch  of  0.2  inches.  If  we  assiune  a  conservative  value  of  15  percent 
for  the  efficiency  of  the  a crew ,  it  io  possible  to  calculate  the  torque 
which  aruat  be  applied  to  the  screw  from  the  following  equation! 


T  m 

2TTe 

where: 

T  *  applied  torque 
P  «  axial  force 
p  ■  pitch  of  screw 
e  m  efficiency  of  screw 
Thus: 

T  „  «  1080  inch  lbs. 

2TT(.15) 

3ince  there  are  two  pistons  on  the  screw,  the  total  torque  required  is 
2160  inch  lbs. 

The  horsepower  required  to  drive  the  screw  is  calculated  by  means 
of  the  following  equation: 


where: 

N 

T 


Horsepower  ■ 


3fTN  T 

33,000 


speed  In  rpm 
torque  in  ft  lba. 
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Efcarefore, 

2160 

Horsepower  -  21T  x  16  x  lg  M  .55 

33,000 

Power  of  this  magnitude  is  readily  attainable  with  the  ram-air 
turbo-generator  proposed  as  the  power  source.  It  is  quite  possible  that 
experimental  results  will  deaonatrate  that  values  selected  for  the  shove 
calculations  were  too  conservative  and  that  a  lower  power  require*®  nt  can 
he  assigned  to  the  screw  drive. 
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6.  STUDIES  a?  THE  JET  PLUME  PROBLEM 

6.1  Introduction 

We  have  been  very  much  Interested  In  evaluating  the  potential 
deleterious  effects  of  hot  gases  free  jet  engine  exhausts  on  the  viability 
of  BW  aerosols.  This  consideration  is  believed  to  be  important  in  cases 
where  the  disseminator  is  located  in  cIobb  proximity  to  an  engine,  such 
as  a  center-line  installation  on  a  single  engine  aircraft  or  on  inboard 
pylon  installation  on  small  aircraft  where  the  eeparation  distance  is 
short. 

We  have  experimentally  studied  the  effect  of  elevated  air  atream 
temperatures  on  the  viability  of  Scrratla  marcaecens,  aerosolized  from  a 
liquid  suspension,  and  have  found  substantial  losses  in  viability,  for 
exposure  durations  aa  lew  as  0.6  Beconda.  The  most  recent  work  is  dis¬ 
cussed  in  Paragraph  6.2  below.  An  analysis  has  also  been  made  which 
indicates  that,  in  cases  where  the  aerosol  is  released  close  to  the 
engine,  mixing  of  the  aerosol  cloud  and  the  engine  exhaust  is  very  likely 
to  expose  the  biological  material  to  temperatures  which  are  high  enough 
to  reduce  the  viability  of  the  aerosol.  This  work  is  discussed  in  Para¬ 
graph  6.3- 

6.2  Effect  of  Elevated  Air  Stream  Temperatures  on  the  Viability  of 

3erratla  merest  cans  Aerosolized  from  Liquid  3uapsna£on~ 

^  d  1 

In  the  previous  report  it  was  shown  that  the  viability  of 

Serratla  marcescens  aerosolized  from  a  liquid  suspension  was  signifi¬ 
cantly  reduced  by  exposure  to  temperatures  of  50®,  75* ,  100®  and  125*C 

6.2.1  General  Mills  Report  No.  2216,  Fourth  Quarterly  Progress  Report 

uu  Dissemination  of  Solid  and  liquid  3tf  Agents  (Unclassified  title), 
August  10,  1961,  pp.  2-9  (Confidential). 
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for  a  period  of  1.7  seconds.  The  purpoee  of  these  experiments  ves  to 
obtain  data  which  would  enable  prediction  of  the  effect  of  nixing  a  viable 
biological  aerosol  with  the  hot  exhaust  gaeee  of  a  Jet  engine.  An  exposure 
tine  as  large  as  1.7  seconds  was  considered  necessary  in  order  to  account 
for  turbulent  nixing  effecte  which  exist  at  tha  point  of  interception  of 
the  aerosol  streamlines  with  the  Jet  plume.  These  experiments  have  been 
continued  during  the  present  report  period  to  investigate  the  effeet  of 
shorter  exposure  times  at  various  temperatures .  Data  reported  here  were 
obtained  at  exposure  tines  of  1.1  and  0.6  seconds  in  the  temperature  range 
from  50*  to  125#C. 

6.2.1  Experimental 

6  2.1 

The  experimental  eetup  was  identical  to  that  praviously  described 
Aerosols  were  generated  using  e  modified  Vapcnephrin  nebulizer  charged  with 
6.0  ml  of  the  3m  suspension.  The  aerosols  were  sampled  simultaneously  from 
both  the  heated  leg  of  the  apparatus  and  the  unheated  control  leg  using 
All  Class  impingers.  Plow  rata  in  all  experiments  was  12.5  liters  per  minute 
and  the  duration  of  each  run  was  15  minutes.  Viability  determinations  were 
made  in  the  manner  discussed  in  the  above  referenced  report. 

6.2.2  Results  and  Discussion 

The  effect  on  viability  of  exposure  of  Sm  aerosols  to  heated  air 
atresias  for  periods  of  1.1  and  0.6  seoonds  is  presented  in  Table  6.2.1. 

These  data  on  the  mean  percent  recovery  as  a  function  of  temperature  are 
plotted  in  Figure  6-2.1  along  with  the  data  previously  obtained  at  an 
exposure  time  of  1.7  seconds.  It  is  apparent  from  this  figure  that. 
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FIGURE  6.2.1  Effect  of  Heated  Air  Streams  on  the 

Viability  of  Aerosol*  of  ^  marceaceBs 
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regardless  of  the  exposure  tlaa  to  heated  tir,  the  viability  decreases 
rapidly  vlth  increasing  temperature. 


TABUS  6.2.1 

HF7ECT  0?  ELEVATED  AIR  STREAM  TEMPSHATURB3 

as  the  viability  of  marcbbcbnb 

AEROSOLIZED  FROM  LIQUID  SUSPENSICKS* 


Recovery,  Percent 


Temperature 

C* 

Exposure  Time, 

1.1  Seconds 

Seconds 

0.6  Seconds 

25 

100 

100 

50 

95 

95 

75 

70 

6S 

100 

25 

kk 

125 

7 

10 

♦Duration  of  all  runs  was  15  minutes 


\ 

i 

I 


The  results  obtained  to  date  Indicate  that  a  viable  aerosol,  formed 
from  liquid  suspension  and  then  exposed  to  heated  air,  attains  temperature 
equilibrium  with  Its  surroundings  very  rapidly  (  <  0.6  seconds).  As  s 
result,  there  is  an  appreciable  decrease  In  the  viability  of  the  organisms 
even  for  short  exposure  tinea  at  fairly  low  temperatures. 

The  conclusions  reached  as  a  result  of  this  study  are  based  on  the 
experimentally  determined  behavior  of  aerosols  produced  from  e  liquid  sus¬ 
pension  of  the  one  simulant,  3m.  Similar  experiments  will  be  performed  in 
the  future  on  aerosols  of  Serratis  marcescens  and  Bacillus  globigil  produced 
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from  the  dry  notarial.  Otis  future  work  vill  provide  information  on 
the  'behavior  of  an  additional  simulant;  and  also  vill  determine  the  sue* 
ceptlbility  of  these  organisms  when  they  are  disseminated  directly  from  a 
dry  agent  store  into  a  heated  air  stream. 

6.3  Analysis  of  jet  Plume  Mixing 

After  reviewing  the  earlier  work  on  this  subject  ve  found  thet  a 
geometric  approach  vaa  being  used;  that  la,  the  degree  of  interaction 
between  the  aerosol  cloud  and  the  Jet  exhaust  was  being  determined  by 
estimating  the  geometrical  shape  of  the  aerosol  cloud  and  superimposing  the 
average  temperature  profiles  of  the  engine  on  this  cloud.  Conclusions  were 
then  drawn  aa  to  the  proportion  of  the  aerosol  cloud  vhich  would  be  exposed 
to  temperatures  above  a  selected  critical  level.  Ve  feel  that  this  approach 
doeB  not  properly  consider  the  turbulent  nature  of  the  exhaust  plume,  vhich 
(once  mixing  of  the  aerosol  with  tha  plume  occurred)  could  bring  the  bio¬ 
logical  material  into  regions  of  much  higher  temporature  than  indicated  by 
the  plot  of  tha  average  temperature  distribution.  Therefore,  it  appears 
that  the  boundary  of  the  Jet  plume  established  by  the  velocity  discontin¬ 
uities  are  more  important  to  this  problem  than  that  established  by  a 
selected  average  temperature  profile. 

The  boundary  of  the  Jet  plume  can  be  defined  as  the  surface  on  which 
V  -  7 

the  velocity  ratio  — — 2.  ■  0.10  where  V  ia  the  local  mean  velocity.  V 

v  -  v  0 

a  o 

is  tha  flight  speed  and  V.  is  the  mean  velocity  on  the  axis  of  tha  Jet. 


According  to  ifuchemann, 


6.3.1 


this  condition  is  obtained  on  a  conical  sur¬ 


face  having  a  semi-vertical  angle  given  by: 


6.3.I  KUchemann,  D.  and  Weber,  J.,  Aerodynamics  of  Propulsion,  McGraw-Hill 

(1953). 
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■5  -  9*0  (degrees) 

l  +  X 

v 

where  X  m  — <  being  the  velocity  et  the  exit  of  the  engine.  A a  an 

Ve  9 

illustrative  case,  taking  X  -  0.5,  5-3  degrees. 

At  this  boundary  of  the  plume,  air  la  entrained  from  the  surrounding 
atmosphere.  A  study  of  the  entrainment  of  air  by  the  Jet  exhaust  indicates 
that  streamlines  originating  upstream  of  the  plume  tend  to  be  deflected  to¬ 
ward  the  axis  of  the  Jet  before  entering  the  plume.  However,  neglecting 
thia  tendency  for  the  aerosol  to  be  drawn  into  the  plume ,  the  point  of 
entry  into  the  plume  may  be  calculated  by  assuming  that  these  streamlines 
are  straight  lines  parallel  with  the  engine  axis.  For  an  example  case  of 
a  small  dro_e,  where  the  disseminator  mounting  station  is  approximately 
three  feet  from  the  center  line  of  the  engine,  thia  point  of  antry  into 
the  plume  would  be  at  a  diatance  of  x  -  57  ft  downstream  from  the  engine 
exhaust  nozzle . 

Using  results  from  Reference  6.3*2-/  the  temperature  distribution  along 
the  axis  of  the  plume  can  be  represented  by  the  empirical  equation: 


T(x)  -  T0 
Ta  -  T0 


U-XK  £.) 


where  T(x)  is  the  mean  temperature  on  the  axis  at  a  distance  x  from  the 
engine  exhaust  nozzle,  TQ  is  the  ambient  temperature,  and  1g  is  the 
engine  exhaust  temperature.  The  engine  nozzle  diameter  ia  Dfl.  For  the 
drone,  we  have  Te  -  1200*F;  thus  for  x  -  57  ft,  TQ  -  S0*F,  T(x)  -  420#F. 
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Experimental  investigations  cited  in  Reference  6. 3-1  fc*v®  shown  that 
the  temperature  distribution  in  the  plume  ia  broader  than  the  velocity 
distribution .  Thus,  a  10  percent  temperature  rir..  occurs  on  a  conical 
surface  of  semi-angle  5  •  4“  while  the  50  percent  rise  occurs  at  an 
angle  of  about  2  degrees.  This  temperature  distribution  ia  Indicative 
of  the  turbulent  mixing  proeaaa  taking  place  in  the  plume,  aince  thermal 
energy  ie  transported  largely  by  turbulent  diffusion.  It  follows  that 
material  entering  the  plume  will  be  subject  to  mixing  throughout  the 
plume  and  may  therefor*)  be  expo  sad  to  the  full  range  of  tempera  turea 
existing  within  the  plume. 
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7-  RHEOLOQICAL  BEHAVIOR  C?  3ERRAIIA  HAHCS3CSNS  3UJRRIE8 

The  investigation  of  the  flow  characteristics  of  slurries  of 
Berratla  marcescens  in  a  fluorochenical  liquid  was  concluded  during 
the  preaent  report  period.  An  extrusion  rheometer  was  used  to  study 
the  flow  properties  of  slurries  of  high  solids  concentration. 

7.1  Extrusion  Rheometer 

The  capillary  viscometer^1*1  and  rotational  viscometers  previously 
employed  in  studying  the  rheological  behavior  of  Sm  slurries  in  the 
fluorochenical  liquid  EC-75  were  not  capable  of  handling  slurries  of 
greeter  solids  concentration  than  25  -  30  percent  by  weight.  To  extend 
the  inveatigation  to  alurriee  of  higher  solids  concentration,  a  simple 
extrusion  rheometer  was  constructed  for  use  with  an  matron  tensile 
tester.  The  rheometer  consisted  of  a  1.625  inch  (4.14  cm)  diameter 
cylinder  capped  at  one  end  and  containing  a  small  orifice  in  the  cylin¬ 
der  well,  and  a  close -fitting  piston.  The  cylinder  was  loaded  with  the 
slurry  under  examination,  the  piston  vaa  inserted,  and  the  device  was 
placed  in  the  compression  test  cage  of  the  matron .  The  force  required 
to  extrude  the  slurry  through  the  orifice  at  a  constant  flew  rate  was 
recorded  automatically  as  a  function  of  the  piston  travel. 

The  orifice  initially  uoed  was  0.078  Inches  (0.19 8  cm)  in  diameter. 
By  varying  the  rate  of  jaw  travel  of  the  instron,  the  volumetric  flow 
rate  through  this  orifice  could  be  changed  from  0.1  to  2.8  cm^/oec. 
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Additional  testa  were  performed  with  an  orifice  0.1  inches  (0.25  cm) 
in  diameter. 

7.2  axperlaentel  Results 

Force  versus  flow  rate  curves  were  obtained  on  slurries  of  33-1/3  and 
40  percent  by  weight  So.  An  attempt  was  made  to  prepare  slurries  of  Sm 
more  highly  concentrated  than  40  percent  by  weight  with  no  success.  At 
higher  concentrations  there  is  not  sufficient  liquid  present  to  suspend 
the  dry  materiel. 

The  results  obtained  vith  the  rheometer  showed  that  the  force  required 
to  extrude  the  slurries  at  e  constant  volumetric  flow  rate  increased  con¬ 
tinuously  with  the  amount  of  material  extruded.  Figure  7.2.1  presents  the 
results  of  a  typical  experiment  with  a  33-1/3  percent  by  weight  Em  Blurry. 
The  pressure  required  to  Initiate  flow  through  the  orifice  was  about  10 
pel  (0.68  atm).  The  pressure  required  to  maintain  flow  rose  continuously 
to  a  value  of  1000  pal  (68  at»),  the  limit  of  the  load  cell,  after  23  cm3 
of  slurry  had  been  extruded.  Similar  behavior  was  observed  at  other  flow 
rates  and  with  the  40  percent  by  weight  Sm  slurry.  At  higher  flow  rates 
and  aolida  concentration,  the  rise  in  force  occurred  more  rapidly. 

It  was  thought  that  the  phenomenon  described  above  might  be  due  to 
a  preferential  displacement  of  the  fluorochemicel  liquid  which  vould  de¬ 
plete  the  3m  alurry  remaining  in  the  rheometer  of  liquid  FC-75*  This 
hypothesis  was  tested  by  taking  samples  of  the  extruded  Sm  slurry  in 
weighing  bottles  periodically  throughout  one  of  the  rune.  The  slurry 
tested  was  initially  33-1/3  percent  by  weight  Sm.  The  samples  which  were 
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analyzed  ware  richer  in  FC-75  ttian  the  original  mixture.  Ihe  sample  taken 
from  the  first  material  extruded  vaa  only  29.2  percent  by  weight  8m. 

8a  content  increased  gradually  as  more  slurry  was  extruded  reaching  a 
value  of  32.3  percent  at  the  1000  psig  limit  of  the  Instroo.  At  this 
point  considerable  unextrudad  slurry  rsaained  in  the  cylinder  which  had 
an  Sm  content  in  excess  of  33*1/3  percent  by  weight. 

Extrusion  teats  mads  with  the  0.1  inch  (0.25  cm)  diameter  orifice 
yielded  similar  results  to  those  described  above. 

7.3  Con clue ions 

These  rather  simple  teste  described  above  were  made  to  determine  the 
feasibility  of  feeding  highly  concentrated  Sm  slurries  through  restrictions 
such  as  an  orifice.  Pram  the  information  obtained  it  ia  concluded  that  it 
would  not  be  feasible  to  handle  slurries  more  highly  concentrated  than 
25  -  30  percent  by  weight  of  Sm.  At  higher  concentrations  extremely  large 
pressures  would  be  required  to  move  the  slurry  through  an  orifice,  and  the 
extruded  slurry  would  vary  in  3m  concentration  throughout  the  extrusion 
process.  Finally,  a  slurry  of  higher  Sm  content  than  40  percent  by  weight 
cannot  be  prepared  because  there  is  not  sufficient  liquid  present  to  suspend 
the  materiel. 

In  view  of  these  findings,  it  appears  that  the  maximum  concentration 
of  3m  which  can  be  conveyed  and  astered  by  the  alurry  technique  lies  in 
the  range  of  25-30  percent  by  weight.  A  Blurry  containing  25  percent  by 
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velght  to  has  a  density  of  1.58  gn/cm^.7*^1  Since  25  percent  of  the 
slurry  la  So,  It  follows  that  there  vould  he  0.40  g#  of  So  per  cm*'. 

3  ?• 3*2 

However,  the  density  of  Sa  In  its  dry,  uncospacted  fora  Is  0.33  gn/cm  • 

Therefore,  use  of  to  In  slurry  fora  to  deliver  a  given  aass  of  the  sim¬ 
ulant  would  require  carrying  about  four  times  the  total  weight  of  material 
than  would  be  required  In  using  dry,  uncompacted  material. 

7*  3-1  General  Kills  Report  Ho.  2216,  Fourth  Quarterly  Progress  Report 
on  Dissemination  of  Solid  and  Liquid  3T  Agents  (Unclassified 
title)  August  10,  1961,  p.  61  (Confidential). 

7.3.2  Ibid,  p.  73* 
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6.  PH  OGRES  3  OH  THE  LIQUID  DISSaCIHATINO  STORB 

8.1  Introduction 

In  our  Fourth  Quarterly  Progreaa  Report  it  vaa  pointed  out  that  the 
disseminating  store  to  be  fabricated  on  this  program  would  be  one  de¬ 
signed  for  use  on  manned  aircraft,  rather  than  for  the  USD- 5  Drone.  Hie 

general  configuration  of  this  external  atore  waa  shown  in  a  drawing, 

Q  X  <L 

Included  as  part  of  Appendix  B  of  that  report  *  '  . 

The  external  shape  of  the  etore  which  was  selected  is  known  ae  the 
Douglas  (BAG)  shape.  Ifeia  design  hee  a  subsonic  drag  coefficient  which 
is  comparable  to  other  good  ahapee  and  a  very  low  supersonic  drag  co¬ 
efficient,  as  discussed  in  Section  5  of  this  report.  Hie  generalized 
coordinates  of  this  atore  shape  are  alao  given  in  Section  5* 

The  disseminator  will  have  a  length  of  227  inchae  and  a  maximum 
diameter  of  26*5  inches.  Th«  liquid  agent  will  be  contained  in  an 
Inner  tank  (filament  wound  glase  fib  er  construction)  which  will  have  a 
capacity  of  180  gallona  of  liquid  agent.  The  space  between  the  inner 
tank  and  the  skin  will  be  filled  with  a  low-density,  foamed- in-plac® 
insulation.  A  ram  air  turbine -generator,  mounted  in  the  nose  of  the 
store  will  provide  1*00  cycle,  3-phase  power  for  the  other  electrical 
components  in  the  store.  Hie  liquid  agent  will  be  discharged,  at  a  flow 
rate  of  lB  gpm  through  slit-type  nozzles  located  in  two  booms  which 
extend  below  the  atore  during  operation  and  are  retractable  into  the 
store.  A  motor  driven  pump  will  deliver  the  agent  to  the  booms  during 


8.1.1  General  Mills,  Inc.,  Report  No.  2216,  Fourth  Quarterly  Progress 

Report,  Dissemination  of  Solid  and  Liquid  EW  Agents  (Unclassified 
title),  August  10,  1961  (Confidential)  p.  28  of  Appendix  B. 


declassified  in  full 

Authority;  BO  13526 

Chief,  Records  &  Declass  Dlv,  WHS 

Jin.  19  m 


i 

I 

I 

I 

I 


l 

tfc. 


■'? 

V  r 


l 


dissemination  and  vill  also  provide  a  recirculation  feature  during  flight 
before  dissemination,  to  minimize  settling  of  the  solids  in  the  agent. 

The  boose  and  the  plumbing  compartment  vill  be  electrically  heated  to 
prevent  freezing. 

3.2  Design  Approach 

It  has  been  decided  that  the  detailed  design  and  fabrication  of  this 
disseminating  store  will  be  performed  as  an  in-house  effort  at  General 
Mills ,  Inc.  The  overall  design  configuration  has  been  established  and 
layout  and  detailing  la  proceeding  In  all  areas  of  the  design.  Several 
of  the  components  vill  be  purchased  from  other  organizations.  Orders 
have  been  placed  for  major  purchased  parts,  including  the  outer  tank 
assembly,  the  inner  glass  fiber  tank  and  the  ram  air  turbine-generator. 
The  specifications  for  these  purchased  items  are  included  as  Appendices 
A,  B  and  c  to  this  report.  The  quoted  delivery  dates  on  all  of  these 
items  are  compatible  with  the  overall  project  schedule. 

The  disseminator  will  be  separable  into  three  sections:  (1)  the 
noao  section,  (2)  the  center  section,  and  (3). the  tall  section.  The 
nose  and  tail  sections  vill  be  bolted  to  the  center  section  at  section 
Joint  rings.  The  outer  aluminum  shell  and  associated  structural  members 
for  all  three  sections  vill  be  fabricated  and  assembled  by  Fletcher 
Aviation  Corporation.  Fletcher  vill  also  install  the  inner  tank  and  fill 
the  spaca  between  inner  tank  and  outer  shell  with  foam  type  insulation. 
3.2.1  Hose  Section 

The  noac  section  consists  of  the  ram  air  turbine  generator  and  the 
forward  compartment.  The  Allison  Division  of  General  Motors  will  supply 
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the  turbine  generator  which  will  have  a  4.5  KVA  capacity*  The  forward 
compartment  will  house  electrical  connection#  to  the  generator,  circuit 
breakers,  and  the  generator  voltage  regulator*  A  door  in  the  forward 
corny a r tmea t  will  provida  acceea  to  tha  alectrical  components  mounted  in 
the  compartment  and  to  the  bolts  attaching  the  nose  section  to  the  center 
section* 

8.2.2  Canter  3 a at ion 

Tlie  center  section  of  the  liquid  agent  disseminator  extends  from 
station  23  to  station  171*5  and  includes  the  inner  tank,  the  lug  attach¬ 
ment  and  "strong  hack"  structure ,  and  the  aft  compartment  housing  the 
plumbing  and  fluid  handling  system. 

The  filament-wound  fiberglass  inner  tank  will  be  supplied  by  Laratex 
Industries,  Inc.  The  apace  between  the  inner  tank  and  the  outer  shell 
will  be  filled  with  foam  insulation.  This  insulation  will  perform  three 
main  functions  (1)  providB  structural  support  to  the  outer  shell,  (2) 
provide  support  for  tha  inner  tank,  find  (3)  prevent  heat  loss  from  the 
inner  tank.  The  military  specifications  for  aircraft  wire  and  installation 
have  been  reviewed,  and  wire  and  conduit  sizes  heve  been  determined  for  the 
part  of  the  system  which  passes  through  the  insulated  section  of  the  store. 
Considerable  engineering  effort  has  been  devoted  to  design  of  the  fluid 
handling  system,  located  in  the  aft  compartment  of  the  center  section. 

Space  is  limited  in  this  area,  requiring  careful  attention  to  selection 
and  placement  of  components. 
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The  severs  leak-tightness  requirement,  as  determined  by  the 
General  Electric  H-l  halogen  detector  has  teen  the  most  important 
consideration  in  selection  of  components  for  the  fluid  handling  system. 

It  has  bean  determined  that  the  pump  unit  which  is  most  suitable 
for  this  application  ia  a  rotary  vane-type  pump  manufactured  by  lear- 
Roaec.  With  reapect  to  leak-tightness,  the  manufacturer  has  aasurad 
conformance  to  a  leakage  test  using  soap  aolution  and  air  at  20  paig 
air  pressure,  but  has  not  performed  the  halogen  teat.  We  have  elected 
to  purchase  this  pump  because  we  believe  it  to  be  the  best  available 
and  subject  it  to  the  halogen  leakage  teat  in  our  laboratories.  As  a 
back-up  measure,  we  have  considered  enclosing  the  entire  pump  and  motor 
in  a  sealed  casing.  Ifcie  will  be  done  only  if  teats  prove  the  necessity, 
since  it  makes  the  space  problems  more  critical. 

The  2fl  volt  DC  eolcnoid  valves  will  be  supplied  by  the  Marotta 
Valve  Co.  This  manufacturer  ia  confident  that  these  valves  will  meet 
the  severe  leakage  testa.  However  the  tests  will  have  to  be  performed 
by  General  Mills,  Inc.  If  these  valves  do  not  pass  the  leakage  test, 
modifications  to  improve  them  will  be  investigated. 

Hydropoiae,  Incorporated  will  supply  the  flow  indicator.  The  pri¬ 
mary  factors  considered  in  selection  of  the  flow  indicator  were  pressure 
drop  across  the  instrument,  size  and  weight.  The  meter  selected  is  of 
the  turbine  flow  transducer  type.  It  will  provide  the  flow/no-flow 
indication  required  and  will  also  permit  instrumentation  to  be  attached 
during  ground  test,  which  will  permit  metering  of  the  fluid  flow. 
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The  manual  valves  will  he  of  the  psckless  diaphragn  type  supplied 
l.y  Hills -McCanna  Company.  This  type  valve  is  widely  used  in  the  chemi¬ 
cal  process  industry. 

®ie  plumbing  fittings  have  not  as  yet  been  ordered  and  wdlX  not 
until  the  more  detailed  layouts  have  been  completed.  Basically, 
they  will  be  37°  flare  and  welded  or  silver  soldered  fittings  with 
some  straight  threaded  ,r0,f  ring  fittings  to  mate  the  pump  and  other 
established  bosses. 

A s  an  aid  to  establishing  the  configuration  of  the  plumbing  and 
fluid  handling  system  a  full  scale  wooden  mockup  of  the  aft  compartment 
was  made.  At  the  present  time  data lied  drawings  are  being  mode  to 
finalize  the  fitting  requirements  and  to  establish  the  structural  sup¬ 
port  for  the  plumbing  system. 

Heating  of  the  plumbing  system  will  be  accomplished  by  heating  the 
aft  compartment.  Ihe  compartment  will  be  insulated  with  a  0.5  inch 
thick  layer  of  foam  insulation.  An  inner  aluminum  shell  will  serve  as 
a  protective  covering  for  the  insulation. 

Heating  requirements  for  the  aft  compartment  are  based  on  a  con¬ 
figuration  22  inches  in  diameter  and  15  inches  long.  The  compartment 
wall  cross  section  and  temperature  gradient  was  assumed  to  be  as  shown 
below.  To  be  on  the  conservative  side  it  was  assumed  that  the  inside 
and  outside  surface  temperatures  were  equal  to  the  ambient  air  temper¬ 
ature  in  each  case.  It  was  further  assumed  that  there  is  no..heat  flow 
to  the  forward  area,  i.e.,  the  fluid  store  area. 
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Preliminary  calculations  baaed  on  these  assumptions  indicate  that  a 
heat  requirement  of  60  to  65  watts  will  be  necessary  to  maintain  temper¬ 
ature  levels  In  the  pump  and  plumbing  compartments . 


Tha  aft  compartment  will  have  two  doors,  one  to  permit  extension  of 
the  filling  hoses  and  the  other  to  provide  access  to  the  manual  valves . 
6,2,3  Tail  Section 

The  tail  section  houses  the  actustor  system.  The  actuator  system 
consists  of  the  following  major  components:  (1)  actuator,  (2)  two  booms 
and  lever  arm  attached  to  a  torque  tube,  (3)  support  structure  for  mount¬ 
ing  the  actuator  and  booms  inside  the  tank. 

The  design  has  progressed  to  a  point  where  a  layout  of  a  workable 
aystara  is  completed.  Individual  components  may  have  to  be  changed  but 
the  basic  geometry  of  the  system  has  been  decided  upon. 

The  actuator  will  be  a  modification  of  one  that  is  presently  in  pro¬ 
duction  by  AiResearch  Manufacturing  Company  of  Los  Angeles,  California. 
This  actuator  was  chosen  because  it  fits  well  into  the  design  and  the 
quoted  price  and  delivery  time  vas  favorabla. 
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The  support  structure  vas  designed  with  the  idea  of  combining  the 
actuator  and  booms  in  a  structure  that  can  be  installed  and  removed  from 
the  tank  as  a  unit.  It  ia  believed  that  this  will  simplify  assembly 
and  servicing. 

A  wooden  mockup  of  the  actuator  system  is  being  made  and  will  be 
installed  in  a  mockup  of  the  tail  section.  The  tail  section  mockup 
includes  the  section  between  sta.  171*5  to  ata.  220.  The  mockup  will 
closely  resemble  the  actuel  system  as  to  aiae  and  shape  so  that  any 
clearance  and  structure  problems  will  become  evident.  Also  the  mockup 
will  aid  in  the  final  design  of  the  boom  well  structure. 

The  booms  and  lever  ana  will  be  welded  to  the  torque  tube  and  pivot 
aa  a  unit  about  two  bearings  mounted  in  the  support  frame.  The  lever  arm 
will  be  located  midway  between  the  bearings.  A  stress  analysis  indicated 
that  the  bending  stress  with  an  11-inch  torque  tube  span  between  bearinga 
would  be  31,000  psi.  It  waa  desired  to  reduce  the  stress  to  approximately 
15,000  psi.  Therefore,  the  tube  span  between  bearings  was  reduced  from 
11  inches  to  6-1/2  inches.  In  order  to  do  this  the  booms  had  to  be  moved 
In  so  that  they  will  be  parallel  and  4  inches  apart.  Previously,  they 
were  6-1/2  Inches  apart  at  the  torque  tube  and  tapered  to  h  Inches  apart 

at  their  ends . 

A  number  of  problems  have  been  considered  in  the  design  and  fabri¬ 
cation  of  the  boom.  The  main  problems  areas  ere  (1)  obtaining  suitable 
boom  material,  (2)  machining  of  the  nozale  slits,  (3)  heating  and 

(4)  boom  covers. 
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The  stress  levels  in  the  boon  due  to  the  aerodynamic  loading  will 
he  quite  high .  Cone Ida ration  was  given  to  the  desigi  of  a  boom  which  would 
have  low  enough  stress  levels  to  allow  the  use  of  300  series  of  stainless 
steel  tubing,  ffovever,  with  a  300  series  yield  strength  on  the  order  of 
35,000  pal,  even  a  boom  of  1-lA  O.D.  and  l/k  inch  wall  would  have  ex¬ 
cessively  hlg&  stress  levels,  on  the  order  of  51,000  psi.  The  contribut¬ 
ing  factors  to  this  high  stress  level  are  first  the  boom  length  of  36 
inches  which  provides  a  substantial  moment  arm.  Fore  and  aft  stresses 
can  be  lowered  by  the  addition  of  stiffener  plates.  In  addition,  the 
lateral  forcea  caused  by  tha  von  Karman  effect  and  the  general  air  turbu¬ 
lence  are  an  unknown  quantity;  Binee  the  von  Karman  forces  may  equal  the 
aerodyanmlc  drag  forces  in  their  worst  condition,  a  conservative  approach 
has  been  taken  in  requiring  the  boom  to  withstand  full  drag  force  in  the 
lateral  direction  as  well. 

To  sustain  the  high  stress  levels,  a  high  strength  stainless  steel 
tubing  is  necessary.  A  check  of  tubing  and  Bteel  manufacturers  revealed 
that  the  size  ranges  of  tubing  required  were  not  available  from  atock  and 
the  only  way  to  obtain  the  material  is  by  a  special  mill  run.  The  materials 
considered  most  suitable  are  ai^vt  17-7FH  or  AM350.  A  mill  which  will  furnish 
toe  tubing  in  the  desired  quantities  van  found  with  the  help  of  the  carpenter 
Steel  Company.  From  the  available  choices,  a  1.000  inch  dia.  x  0.083  (wall) 
tubing  was  selected. 
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3.2. 3-2  Machining  of  Nozzle  3lltB 

3evaral  techniques  have  been  considered  for  machining  the  0.005 
Inch  (width)  nozzle  slits  in  the  '3000s .  Samples  have  "been  made  by  spark 
erosion  machining  and  by  chemical  etching.  A  third  sample  will  be  made 
by  ultrasonic  grinding.  These  three  samples  will  be  evaluated  in  the 
near  future  by  microscopic  examination  and  by  flew  testa  to  determine 
the  best  technique  for  this  application. 


3.2.3. 3  Boom  Heating 


,8.2.1 


It  was  pointed  out  in  our  Fourth  Quarterly  Progress  Report 
that  the  booms  should  be  heated  with  3  watts  per  square  inch  to  protect 
against  freezing.  In  contacts  with  slectrofilm,  Inc.,  (North  Hollywood, 
California)  it  haB  been  determined  that  it  is  feasible  to  provide 
heating  at  this  level  with  film  type  resistance  heaters.  The  thickness 
of  the  total  heater  installation  is  expected  to  be  0.015  to  0.020  Inches, 
which  includes  the  heating  film  (of  thickness  0.005  inches)  and  an  inner 
and  outer  coating.  Further  work  is  planned  on  the  exact  pattern  of  appli¬ 
cation  of  the  heaters  near  the  disseminating  nozzles. 

6. 2. 3.4  Boom  Covers 

The  problem  of  protecting  the  booms  when  in  a  retracted  position, 
prior  to  the  dissemination  run,  centers  around  providing  some  type  of 
cover  over  the  storage  wells.  The  desirability  of  a  protective  covering 
is  primarily  baaed  on  preventing  the  boom  discharge  slits  from  becoming 
clogged  with  duat,  or  o‘..;:ar  foreign  material,  or  iced  over  during  the 
period  prior  to  the  actual  dissemination. 


8.2.1  General  Mills,  Inc.,  Report  No.  2216,  Fourth  Quarterly  Progress 

Report,  Dissemination  of  Solid  and  Liquid  EW  Agents  (Unclassified 
title)  August  10,  1961  (confidential)  p.  17  of  Appendix  b. 
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An  examination  of  several  possible  solutions  to  this  problem, 
including  retractable  doors,  expendable  doors,  flexible  doors  and  film 
or  fabric  replaceable  covers  haa  Indicated  that  the  film  or  fabric 
covers  would  be  the  simplest  and  most  satisfactory  method. 

A  moekup  is  being  fabricated  to  investigate  the  forces  required 
to  break  various  film  and  fabric  covers.  It  is  important  that  the  torque 
required  from  the  boom  actuator  for  this  purpose  be  well  within  the  avail¬ 
able  limit. 
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9.  systems  study 

A  mthaaatlcal  model  for  aa  Infective  dose  down  wind  of  a  release  line 
was  introduced  in  the  last  quarterly  progress  report.  3y  means  of  this  model 
the  probability  of  critical  infection  of  the  population  was  determined  es  a 
function  of  down  wind  cloud  travel  for  various  parameters  such  as  agent  con¬ 
centration  to  infective  dose  ratio,  discharge  rata,  wind  speed,  ate.  In  this 
report  essentially  the  same  modal  is  used  and  for  the  same  purpose  with  addi¬ 
tional  factors,  however,  being  taken  into  account.  These  factors  are: 

.  (1)  the  efficiency  of  particle  retention  of  a  man, 

(2)  the  length  of  release, 

(3)  the  initial  downward  cloud  displacement. 

Previoualy  it  was  assumed  that  the  efficiency  of  particle  retention  ie  100$, 
the  length  of  release  is  infinite,  and  the  initial  cloud  displacement  is  zero. 
9.I  Model  Development  and  Basic  Aasumptiona 

The  number  of  bacteria  available  for  a  man  on  ground  level  at  a  time  t 
due  to  un  instantaneous  point  source  located  at  the  point  (0,  k)  tcvei 

number  of  bacteria  9  released  at  t  ■  0,  is  governed  by  the  equation 


8 


q  Er 

K/xf  )3  (ut)^ 


exp. 


-kt  -  ( (x~-  ut)2  +  (y  - 

+  h2)/cg2  (ut/x1)2/3j  (9*1) 


where  the  nomenclature  is  defined  in  Table  9*1  end  the  coordinate  system 
is  shown  In  Figure  9.1.1.  If  it  is  assumed  that  the  time  taken  by  an  air¬ 
craft  to  lay  out  the  line  source  is  negligible,  the  bacteria  concentration 


I 

I 
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TABLE  9*1 


Symbol 

b 

C 

d 

°L 

B 

Er 

K 

erfc(x) 

f 

h 

ha 
ID, 


50 


k 

L 

JL 

p 

q 

r 

t 


u 

v 

T 

/3 

*1 


Definition 

Breathing  rate  of  a  man 
Agent  concentration 
Agent  dosage  per  person 
Ground  level  dOBage  of  the  agent 
Dissemination  efficiency 

Efficiency  of  retention  of  particles  with  "size"  r 
Mean  efficiency  of  retention 
Complementary  error  function 
Dissemination  flow  rate 
Height  of  an  aircraft 
Adjusted  height  of  releeBe 
Number  of  organisms  required  to  infect  50^  of  the  people 
Agent  decay 

Half  of  length  of  release  line 
Distance  along  the  aircraft  path 
Probability  of  infection 
Source  strength 
Particle  "size" 

Time  after  release 
Wind  speed 
Aircraft  speed 
Weather  parameter 


oo 

h 


exp  (  -£  /2)  df 


Weather  parameter 

Haight  for  which  O'  nnd  /3  are  determined 
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at  time  t  for  the  as  sussed  instantaneous  line  source  can  te  ootsined  froa 
Equation  9-1  by  integrating  over  i  froa  -  L  to  !•»  willed  becooea 


h 


Q  ^r _  exp . 


[  (x  -  ut)2  +  h2]/a^(ut/Xl)2/3J 

Aerfc[V2  -j*J 


where 


A  ertfc 


Y2~  ■  y  7”t1  ~  erfc[V2 
lV  ^(Ut/X!)^  J  l 


-  L 


cra(ut/x1)/! 


-  erfc 


t*" 


It  u  noted  tut  4  no.  is  tu  line  eonree  etreostn  exptee.ed  In  unit,  of 
„ueter  of  bacteria  per  unit  tine.  Additional  ..sumption.  on  vblch  the  Hen 


(9.2) 


equation  depends  are  that; 

(1)  the  wind  speed  la  unidirectional  (poaitive  x  direction)  and  constant, 

(2)  the  terrain  is  smooth,  and 

l3)  the  tectorial  particle,  ere  -U  =nou«b  to  exhibit  .  Bro^lu  notion 
Of  th...  Items i  (1)  is  the  most  eerlon.  elno.  In  rn.UO  »1»*  «“*  »■  “*  " 
constant  but  dependent  o.  height  «•  «U  »  other  parameter.  .uch  ..  time. 

Hie  total  dosage  per  men  Is  expreoesd  ss  t  \  (*’  4V  U;Ul 

U»  assumption  thst  th.  .pre.d  of  the  cloud  1.  sull  <n»P«r«<l  »«■>  *“•  ^ 


displacement,  this  expression  -becomes 


VT  bq s 

f r  <rz\i  (  x/xt) 


-  h2/2£T2  (x/x/^j  Aerfc  (V^ 


-  L 

u 


.) 

(9-3) 
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where  the  source  strength,  q,  la  obtained,  frost  the  aquation 


Equation  9.3  reduces  to  9.2  of  the  previous  quarterly  report  for 
equal  to  unity  and  L  equal  to  infinity.  Oie  probability  of  infection  ia 
related  to  the  lethal  dosage  by 


(9A) 


P  .  1  -  2  -  W»! 


(9-5) 


9.2  The  Efficiency  of  Particle  Retention  of  a  Man 

yor  the  previous  mathematical  nodal  it  was  assumed  that  a  man  retains 
all  of  the  particles  that  ere  inhaLed.  Since  only  a  fraction  of  particles 
remain  in  the  lungs,  a  better  model  is  obtained  if  this  fact  is  taken  into 
account,  ftiis  nay  be  accomplished  by  introducing  a  mean  efficiency  of 
particle  retention  which  would  be  a  function  of  particle  size,  r.  If  ®r( r) 
ia  particle  retention  efficiency  for  size  r  end  N(r)  ia  the  size  distribution, 
then  the  mean  efficiency  of  all  particles  la  defined  ae 


V  /*  r  N  dr*  /r  N  drf 


(9.6) 


0  0 

roe 

For  normalized  N,I  -  B  Hdr'.  As  a  numerical  example,  let  ua  asauae 
r  Jo  r 

9*2.1 

a  normal  breathing  rate  and  particle*  on  the  order  of  1*!^U>.  In  this  case 

1  -(p  •  1  e\2 

8  ia  approximated  by  ■  0.1^+  r  +  0.2.  For  N(r)  «  e  the 

mean  efficiency  becomes  O.33,  in  which  case  the  probability  of  infection  1* 
diminished  considarably  as  compared  to  the  ideal  case  of  100)6  particle 
retention.  For  u  ■  5  mph,  C/lDco  *  10  ft.  ,  f  *  5  ft.^/min.,  h  ■  100  ft., 


9.2.I  Lucian  Daatrebanda,  Studies  of  Aerosols,  AEC  Research  and  Development 
Report,  p.  33. 
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"weather  condition"  good,  and  ths  "decay  factor11  as  defined  in  the  previous 
report,  the  comparison  is  shovn  graphically  in  Figure  9.2.1. 

The  curve  for  the  probability  of  infection,  as  seen  in  Figure  9-2-1, 
has  the  same  fora  for  partial  retention  of  particles  as  for  the  total  re¬ 
tention;  however,  there  ia  a  considerably  greater  decreasing  rate  in  the 
probability  from  the  maximum  value  in  the  former  case. 

9-3  The  Length  of  Release 

For  most  of  the  flight  conditions  the  length  of  release  can  be  con¬ 
sidered  as  infinite  so  that  the  factor,  Aerfc,  in  Equation  9-3  aasumea 
unity.  In  case  of  larga  C~z  and  /3 ,  though,  this  factor  cannot  be  considered 
as  unity.  Near  the  source  it  is  near  unity  but  for  larger  down  wind  cloud 
travel  it  dimishea  to  zero  with  the  rate  depending  on  valuee  of  <TZ  and  /3  • 

/  j  For  average  and  poor  "weather  conditions",  as  dafinad  in  Reference  9-3-1, 

this  faator  is  plotted  as  a  function  of  cloud  travel  in  Figure  9-3-1  for 
pi  I  a  center  line  (y  ■  0).  In  case  of  good  "weather"  the  length  can  be  con- 

Isidered  ea  infinite.  In  general  Aerfc  ia  greater  than  or  equal  to  0.999 

/3 

|  at  the  center  line  when  the  inequality,  'yJJ  L/  (T^x/x^)  >  3-300,  i* 

|  satisfied. 

9.4  Initial  Downward  Cloud  Displacement 

j  The  cloud  of  particles  upon  release  from  an  aircraft  accelerates  down- 

j  ward.  The  motion  is  due  to  displaced  air  by  an  aircraft.  An  estimate  has 

j  9-3-1  North  American  Aviation,  Inc.,  Report  No.  NA-5g*632,  "Airborne 

1  Biological  Warfare  at  Low  Altitudes,"  Vol.  11,  16  JUna  1959, 

pp.  165-6  (Secret). 
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FIGURE  9-3*1  A  Dittiaisaing  Factor  of  Lethal  Dosage  for 

Finite  Length  of  Line -Source  versus  Cloud.  Travel 


i 
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teen  obtained  by  other  workers^' of  the  downward  velocity  of  the  cloud 
as  a  function  of  time.  Initially  it  is  approximately  7  ft/aee  but  then 
diminished  exponentially  with  time  to  about  1  ft/sec  la  20  seconds .  This 
study  indicates  that  the  initial  displacement  of  the  cloud  is  ebout  55  ft, 
so  that  the  height  of  an  aircraft,  h,  in  our  model  must  be  diminished  by 
that  amount. 

9. 5  numerical  Results 

To  determine  the  probability  of  infection  ae  a  function  of  down  wind 
cloud  travel,  the  same  values  are  need  for  the  parametera  aa  in  the  Fourth 
quarterly  Report  except  for  particle  retention  efficiency  and  the  aircraft 
height,  which  are  taken  to  be  0.33  and  55  ft,  respectively.  Equations  9*3 
and  9-5  were  programmed  on  a  Bendix  0-15  digital  computer  and  the  results 
plotted  by  PA-3  plotter  during  program  execution.  These  graphs  were  re¬ 
drawn  and  are  presented  in  Figures  9*  5*3-  and  9*5.2. 

9.6  Comparison  of  Experimental  and  Theoretical  Results 

It  la  of  greatest  interest  to  compare  the  experimental  results  for 
bacteria  intake  per  man  with  the  theoretical  results.  The  values  for  the 
parameters  are  taken  for  trial  A-L  conducted  by  Iforth  American  Aviation, 

Tv, v.  9  *  ** •  1  V—  1  :idn  »rA* 


These  values  are: 
Length  of  releaae 
Height  of  8n  aircraft 
Wind  speed 

Bacteria  concentration 
Flow  rate 


15  mi- 

110  ft. 

15  ml. /hr. 

1.6  x  1010  org./ml. 
17.25  gal. /min. 


9.L.I  See  Reference  9*3*-»  PP*  165-6. 
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FIGURE  9*5-2  Probability  of  Infection  versus  Cloud  Travel  for 
C/ID^Q  mix  1012  ft-3 


& 


o 


50 


400  knots 


Aircraft  speed 
Nozzle  efficiency 

Retention  efficiency  of  particles  10C£ 

Breathing  rate  -012  mtyain. 

A  mild  temperature  inversion  was  present  in  an  open  terrain 
ao  that  <TZ  =  3«8  a.  and  /S  -  .66. 

Bacteria  decay  constant  1$  per  min. 

The  comparison  of  the  experimental  and  theoretical  results  is  ehown  in 
Fig.  9.6.1.  Aa  would  be  suspected  no  correlation  exists  between  the  theory 
and  the  experiments.  As  pointed  out  in  the  last  quarterly  rsport  and  a 
report  on  agent  characteristics , ^ ^ ^  k  is  not  a  constant  bo  that  this  fact 
in  itaalf  would  lead  to  a  discrepancy.  Also  the  correlations  between  the 
temperature  end  wind  speed  profiles  with  parameters  oj ,  /S  >  and  x^  are  poor • 
It  ia  likewise  not  known  how  much  bacteria  is  lost  due  to  exposure  to  the 
Jet  of  an  alxaraft.  The  decay  constant,  k,  which  enables  a  least  square 
fit  by  Equation  0.3  to  the  data  for  log  d/2  ve.  log^Q  x  in  this  particular 
trial  ia 

k(t)  «  (4.83  -  All  log1Q  14.8  t)/t 

That  is,  if  the  decay  constant  is  taken  to  be  of  the  above  form  rather 
than  1$  par  min,  then  the  theoretical  result  agrees  with  the  experimental 
in  the  least  square  senoe.  From  this  result  it  appears  that  the  decay  rate 
varies  even  more  rapidly  than  what  vbb  originally  suspected.  More  laboratory 


9.6.1  Fort  Detrick  Report  April  1,  1961,  Biological  Warfare  Agents  II. 
Agent  Characteristics,  No.  61 -FES -392. 
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FIGURE  9.6.1  Comparison  of  Dosage  Between  Oieoretical 
and  Experimental  Results 


and  field  experiment*  are  needed  In  thin  area  so  that  score  precise 
con clue Iona  can  be  made. 
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10.  3UKMAKY  AlfD  CCIJCI^SICHS 

During  this  reporting  period,  Hisse  II  work  was  continued,  including 
research  in  several  areas  associated  with  dissemination  of  solid  BW  agents 
and  also  the  initial  work  on  the  detailed  design  and  fabrication  of  a  liquid 
agent  disseminating  store. 

The  theoretical  studies  of  the  mechanics  of  particulate  materials  were 
continued.  Two  specific  problems  were  examined:  (l)  determination  of  the 
force  required  to  displace  a  plug  of  powder  contained  in  a  cylindrical  tube 
and  (2)  a  preliminary  study  of  the  relationship  between  the  energy  of  com¬ 
paction  and  the  bulk  density  of  particulate  materials.  As  a  reBult  of  the 
first  analysis,  an  equation  for  the  force  required  to  translate  a  powder 
plug,  which  ia  of  the  same  form  as  earlier  empirical  equations,  was  derived 
theoretically.  Furthermore,  limiting  values  of  a  resistance  parameter,  K, 
were  theoretically  derived  and  have  been  confirmed  by  experiment#  of  limited 
scope.  With  respect  to  the  role  of  the  energy  of  compaction,  the  theoretical 
analysis  of  J.  S.  Derr,  Jr.  was  compared  with  recent  experimental  data  and 
good  agreement  was  found  (Section  2). 

As  part  of  the  experimental  program  on  the  physical  characteristics  of 
powders,  extensive  shear  strength  measurements  were  made,  which  included 
investigation  of  the  relationship  of  shear  strength  to  compressive  stress 
and  the  atmospheric  humidity  in  which  the  material  is  stored.  It  was  found 
that  the  shear  strength  increases  nearly  linearly  with  compressive  stress 
in  the  range  investigated.  Preliminary  indications  are  that  more  rapid  in¬ 
creases  in  shear  strength  are  found  at  higher  compressive  stresses.  These 
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will  be  investigated  in  the  near  future.  With  respect  to  humidity,  it 
was  found  that  shear  strength  increases  with  increasing  humidity  up  to 
30  percent,  but  that  it  decreases  again  at  percent  (Section  3)* 

The  wind  tunnel  studies  of  dissemination  and  deagglomeration  were 
continued,  and  Included  investigation  of  particle  size  distribution  of 
aerosols  generated  from  loose  and  compacted  3m  simulant,  and  also  a  study 
of  the  frequency  of  occurrence  of  agglomerates  in  the  aerosol.  These 
studies  were  made  by  microscopic  examination  of  particles  collected  on 
Millipore  filters  in  the  isokinetic  sampling  probe.  It  was  found  that 
the  particle  size  distribution  of  the  collected  material  agreed  very  closely 
with  that  of  the  control  sample  from  the  bulk  material,  indicating  essen¬ 
tially  complete  deagglomeration  for  samples  with  bulk  density  up  to  0.5  gm/cm3. 
Studies  of  the  frequency  of  occurrence  of  agglomerates,  as  a  function  of  the 
bulk  density  of  the  compacted  Sm,  revealed  the  existence  of  a  critical  region 
at  approximately  0.6  gjajca? ,  above  which  the  number  of  agglomerates  increaaea 
rapidly  (Section  It-). 

During  this  reporting  period  a  design  concept  for  the  first  dry  agent 
disseminating  store  was  developed.  This  concept  appears  to  meet  the  original 
objectives  of  providing  maximum  flexibility  of  application  with  respect  to 
agent  properties,  carrier  aircraft  capabilities  and  missions.  This  design 
concept  is  based  on  the  vise  of  compacted  dry  agents  and  employs  a  dual- 
piston  feeding  system  with  provisions  for  selection  of  5  operating  speeds. 

The  payload  io  estimated  to  be  >90  pounds  of  dry  agent  compacted  to  a  bulk 
density  of  0.55  gm/cm3  (Section  5). 
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Studies  of  the  jet  plume  problem  were  continued  with  farther  experi¬ 
mental  work  on  determination  of  the  losses  of  viability  in  an  aerosol  gen¬ 
erated  from  a  liquid  suspension  of  Sm.  It  was  found  that  substantial  losaea 
occurred  for  exposure  durations  as  lew  as  0.6  seconds  at  temperatures  of 
50-125*C.  An  analysis  of  the  Jet-plume  mixing  problem  indicates  that,  for 
cases  where  the  eeroBol  is  released  close  to  the  englne>  it  is  reasonable 
to  expect  mixing  to  expose  the  aerosol  to  temperatures  which  will  cause  loss 
of  viability  (Section  6). 

The  investigation  of  the  rheological  behavior  of  Sm  alurrieo,  made  with 
fluorocarbon  liquids,  were  completed  during  this  reporting  period.  It  was 
found  that  the  maximum  concentration  of  Sm  in  the  liquid  is  25-30  percent  by 
weight.  Above  these  concentrations,  the  pressures  required  to  extrude  the 
slurry  thrcu^i  an  orifice  ia  very  high  and  variable.  It  was  concluded  that 
the  weight  penalty  in  a  system  of  thiB  type  vould  be  too  high  to  permit 
its  use  (Section  "(). 

Considerable  progress  was  made  during  this  period  on  the  design  and 
fabrication  of  the  liquid  disseminating  store,  which  Is  part  of  the  Phase  II 
program.  The  general  design  features  were  established  and  the  approach  for 
fabrication  was  determined.  Th®  external  shape  of  this  store  is  known  as 
the  Douglas  (DAC)  store  shape  and  the  principal  dimensions  ere  a  length  of 
227  inches  and  a  maximum  diameter  of  26-5  inches.  The  liquid  capacity  Is 
ICO  gallons  and  the  flow  rate  is  16  gsllons  per  minute.  The  asin  purchased 
components  have  been  ordered  and  detailed  work  on  many  of  the  sub-assemblies 
has  been  initiated  (Section  6). 
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The  systems  analysis,  employing  a  variable-decay-rate  mathematical  model 
has  been  continued.  Calculations  have  been  made,  comparing  the  predictions 
of  this  model  with  available  field  data.  It  appears  that  tha  vsriable-de cay- 
rate  approach  offers  some  Improvement  In  mathematical  models  for  this  com¬ 
plex  problem  (Section  9). 
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OCTSRHAL 


RBCVABLE  AIRCRAFT  TANK  ASSBMBL*  FOR  GZNBUU.  MILLS  ELECTRONICS  GROUP 


1.0  SCOPS 

This  document  described  the  design,  performance  and  delivery  require- 

SSSSTa’S.'SSSS 

2.0  APPUCABLK  DOCUMSNTS 

2.1  Conference  at  Fletcher  Aviation  Corp.  attended  by  J-  McOillicuddy 
and  H.  Benjamin  on  August  7th  and  8th,  1961. 

2.2  Quotation  from  Fletcher  Aircraft  Corporation  (T.  Derlachter)  to 
General  Mills  dated  August  17,  1961. 

2.3  Specifications  HIL-A-85913,  MIL-T-7378A,  MXL-T-18847A. 

,  2.4  General  Kills,  Inc.  drawings  NO.  *29100-018  and  *29100-026. 

3.0  RBQUZROfBITS 

3.1  The  contractor  is  to  supply  assemblies  consisting  o f  the  outer tank 
ox  aha 11,  various  structural  elanants,  access  doors,  and  an  inner  filane 
wound  tank  foamed  In  place,  hereinafter  these  assemblies  will  be  retired  to 
alwnlv  aa  tank  assemblies,  or  tank  assembly.  B»ch  tank 

slat  of  three  subassemblies  designated  the  nose  section,  the  cea^\“!c“°n' 
and  the  tail  section.  Construction  shall  be  such  as  to  allow ,1^2  SaJULlr 
assembly  of  the  main  tank  assembly  into  the  three  suUssenblles  and  reyseably. 
Design  and  construction  is  to  be  in  accordance  with  th“  Sm 

work  statement  including  referenced  portions  of  the  applicable  document  . 

■3  2  The  tank  assembly  when  carrying  the  loads  designated  on  General 
Milled  Inc.  drawing  *29100-026  shall  be  suitable  for  flight  <****  ^°°» 

F-105,  3-66,  A-4D,  and  the  A 3d  aircraft,  including  arrested  landing  and 
catapult  take  off  conditions,  and  at  speeds  of  up  to  0.95  Mach  ^ 

level.  load  factore  no  lees  stringent  than  those  in  MH-A-8591B  ^J“Tt,7370A 
shall  be  used.  The  tank  aeaemblies  shall  satisfactorily  witbataedtha 
range  of  environments  the  above  listed  aircraft  are  designed  to  withstand.  The 
^ank  aaaembly  shall  be  Buitable  for  installation  at  viag  station  106  on  the 
F-100D  aircraft. 
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3.3  The  weights  tad  location*  of  loads  for  which  mounting  provisions 
must  be  usds  and  which  the  tank  assembly  must  be  suitable  for  carrying  are 
ahovn  in  General  Mills  drawing  SK29100-Q26. 


3.1»  The  inner  fllaamnt  wound  tank  Is  to  be  supported  in  place  and 
insulated  fro*  the  outer  akin  or  shell  by  the  foamed-ln-plaoe  Insulation 
designated  on  OKI  3C29100-C26  unless  the  contractor's  structural  analysis 
reveals  an  inadequacy  in  this  insulation.  In  such  case,  the  contractor  is 
to  notify  General  Mills,  Inc. 

3.5  The  weight  of  the  tank  and  assembly  including  the  outer 

skin,  all  structural  elements,  access  doors,  and  all  parts  described  in 
paragraph  U.Q  excluding  the  inner  filament  wound  tank  shell  not  exceed  27? 
pounds. 

3.6  The  contractor  shall  provide  all  Materials  exclusive  of  the  filament 
wound  tank  (CMI  drawing  3C29100-018)  electrical  conduit,  and  electrical  con¬ 
nectors  which  will  be  supplied  by  General  Mills,  Inc. 

3.7  The  tank  assembly  shall  meet  the  requirements  of  all  applicable 
portions  of  MH-T-L8647A.  The  applicable  portions  are  limited  only  to  those 
requirements  that  exist  if  the  liquid  carried  is  water  instead  of  fuel  and 
with  no  requirements  made  for  handling  the  water  but  only  for  storing  it  la 
varying  quantities  in  the  inner  tank  to  be  supplied  by  General  Mills,  Inc. 

This  excludes  all  requirements  that  result  from  the  peculiar  characteristics 
of  aviation  fuel  in  contrast  to  the  characteristics  of  water,  that  arise 
from  direct  contact  of  a  liquid  load  with  any  part  of  the  akin  and  structure 
and  that  arise  from  the  provisions  that  must  be  made  for  handling  fuel.  Mo 
consideration  need  be  given  to  the  freexlag  characteristics  of  the  liquid 
load. 


3.3  The  tank  assembly  is  to  meet  the  requirements  of  the  following 
paragraphs  of  MZL-T-7373A.  Wherever  reference  ia  those  paragraphs  la  made 
to  "fuel  tanka"  It  shall  be  construed  to  refer  to  the  teak  assembly  that  le 
the  subject  of  this  work  statement.  Also,  the  interpretation  of  paragraph 

3.7  of  this  work  statement  applies  to  the  applicable  paragraphs  of  KIL-T-7373A* 

3.3,  3*3- 1,  3*3*2,  3. 3»k»l,  3*1**!.  1 

3>3  Design  (Modified)  -  Tanka  with  acceee  doors 
attached  shall  be  so  designed  ae  to  not  admit  water 
during  flight  In  rain  and  during  washing  by  basing 
with  water.  The  tank  assembly  including  the  exterior 
skin,  the  structural  elements,  the  foamed-in-place 
insulation,  and  the  interior  tank  shall  comprise  the 
necessary  strength  to  provide  adequately  for  combined 
loads  and  stresses  as  outlined  in  Paragraph  3*3.6. 
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3. 5.7. 2  Flutter  (Modified)  -  The  took  assembly  shall 
be  designed  to  have  safe  flutter  characteristics 
throughout  the  speed  and  altitude  range  and  for  all 
attitudes  and  aaasuvers  which  the  aircraft  will  perform 
with  the  tank  installed.  Full  and  empty  Internal  tank 
conditions  as  veil  as  partially  full,  level  flight 
condition*  shall  be  considered.  In  sddltlon,  for  partially 
full  conditions,  the  forward  center  of  gravity  condition 
caused  by  all  the  load  Moving  forward  and  the  aft  center 
of  gravity  caused  by  aft  shift  of  ths  load,  shall  be  con¬ 
sidered.  In  the  event  that  the  design  appears  to  have 
low  flutter  speeds  or  Marginal  flutter  safety  due  to 
adverse  frequency  ratios,  General  Kills,  Inc.  shall  be 
informed  of  this  before  further  work  Is  carried  on* 


3-5.7.3,  3.5. 7.3.1,  3.6,  3*6.1,  3.6.2,  3*7 
3.8,  3*8.1,  3. 8.1.1,  3.10,  3.10.1,  3.12 


4.4.1  fixas! nation  of  Product  (Modified)  -  Bach  tank 
assembly  shall  be  examined  to  determine  conformance  with 
all  the  paragraphs  and  modifications  of  paragraphs  of 
JGL-T-7378A  herein  listed. 
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5.2  Clast  2  Tank*  (Modified)  -  All  Clast  2  tanks 
unless  otherwise  specified,  shall  he  packed  in 
wooden  crates  conforming  to  Specification  HIL-C-9437 
or  equivalent  in  unit  quantities  of  1  each.  Contrary 
to  the  requirements  of  XIl-C-9^37  no  aarapla*  are 
required,  no  identification  nark luge  and  no  tests 
cure  required. 

5.2.2,  5.5 

3*9  The  lug  spacing  on  the  hangar  fittings  shall  he  30  inches  In 
accordance  with  KXL-A-659IB. 

3*10  Any  holes  aade  end  used  for  the  purpose  of  installing  the  foamed- 
in-place  insulation  are  to  be  neatly  and  smoothly  covered  with  a  durable 
material. 

L.O  OBSCHUTIOM 

The  tank  assembly  will  consist  of  the  following  and  will  incorporate 
structural  provisions  for  equipetent  to  be  mounted: 

4. 1  Nose  Section 

4.1.1  Turbine  Generator  Support  Ring  Station  15.5 

4.1.2  Access  Door  and  frame 

4.1.3  Section  Joint  Ring  Station  23. 5 

4.1.4  Outer  Shell  Assembly  Station  15.5  to  Station  23.5 

4. 2  Center  Section 

4.2.1  Section  Joint  Ring  Station  23.5 

4.2.2  forward  Bulkhead  3tatlon  23.5 

4.2.3  Main  Support  Structure  Including  Lug  Attachaenta,  Sway 
Brace  and  Ejection  Areas,  and  Inner  Tank  Support  Rings. 

4.2.4  Cradling  Area  Reinforcement 

4.2.5  Inner  Tank  Attachsent  Ring  Station  156,5 
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4.2.6  Aft  Bulkhead  and  Bulkhead  Attachment  Ring  Station  159 

4.2.7  Tan  Access  Doors  sad  Frames 

4.2.8  Ait  Compartment  Inner  Shell  Station  159  to  Station  171.5 

4.2.9  Section  Joint  sal  Bulkhead  Attachment  Slug  Station  171*5 

4.2.10  Brackets  in  Ait  Compartment  to  support  pump,  valve*, 
tubing,  etc. 

4.2.11  Two  3/4  "  DluMtar  Conduits  -  One  from  Station  23.5  to 
Station  159  and  a  second  from  Station  159  to  a  station  suitable  for  umbilical 
connection  provisions. 

4.2.1 2  Installation  ot  Inner  Tank 

4.2.13  Insulation,  in  Space  Between  Inner  Tack  end  Outer  Shell 
Station  23.5  to  Station  159* 

4.2.14  Insulation  in  Space  Between  Inner  and  outer  Shells  of  Aft 
Compartment  Station  159  to  Station  171-5. 

4.2.15  outer  Shall  Assembly  Station  23.5  to  Station  171.5- 

4.3  Tall  Section 

4.3.1  Section  Joint  Bing  Station  171.5 

4.3.2  Access  Door  and  Frame 

4.3.3  Two  Boost  Structure  Support  Rings  -  One  at  Station  178-5 
and  the  second  at  Station  204.25. 

4.3.4  Boas  Aperture  Covers 

4.3.5  Boas  Access  Door  and  JTsne 

4.3.6  Outer  Shell  Assembly  Station  171*5  to  Station  22 7 

4.4  Additional  Structural  Members 

4.4,1  Any  structural  reinforcement  members  in  addition  to  those 
listed  In  4.1,  4.2  and  4*3  which  may  be  required  In  order  for  the  tank 
assembly  to  meet  the  specified  loading  and  flight  conditions. 
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5.0  STRUCTURAL  ANALYSIS 

Three  copies  o t  tbs  analysis  of  struct ur el  characteristics  of  tbs  tank 
urably  shell  be  supplied  General.  Kills.  Inc.  at  least,  tea  days  prior  to 
the  running  of  any  structural  teats,  or  at  least  10  days  before  ahipmsot  of 
the  first  item  to  General  Mills,  Inc./  like  analysis  shall  Include: 

whichever  ie  earlier. 

I  a)  A  list  of  loading  conditions  considered 
b)  A  list  of  any  assumptions  made 
c)  Pomulae  and  equations  used  with  source  references 
dl  Actual  calculations 
a)  Tabulation  of  results 

6.0  TESTING 

Requirements  for  testing  will  be  made  the  subject  of  a  separata  work 
statement. 

7.0  DRAWINGS 


'  A  reproducible  and  two  prints  of  each  assembly  and  detail  part  drawing 
fcr  the  task  assembly  and  its  constituent  assemblies  and  parts  shall  be 
submitted  to  General  Mills  fifteen  days  after  delivery  of  the  hardware. 

The  drawings  shall  depict  the  final  design  condition  of  the  hardware  supplied. 

The  top  assembly  drawing  shall  be  approved  by  General  Mills,  Inc. 

8.0  INSPECTION 

General  Mills,  Inc.  shall  have  the  right  to  monitor  at  any  time  between 
letting  of  the  contract  and  the  delivery  of  the  hardware,  the  fabrication 
of  parts,  processes,  assembly  work,  and  any  testing  required  to  be  done, 
this  monitoring  to  be  done  through  a  representative  designated  by  General 
Mills,  Inc. 

9.0  DELIVERY 


Tank  assemblies  ordered  shall  be  shipped  to  General  Mills,  Inc.  within 
90  days  of  receipt  of  order. 
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X  Hn.  e.31  Mrtr-»-l88^TA 

2  IM».  3.6.  shall  m&:  "fte  Csstraetat* 

«?  tha  fllkMBt  wool  tank,  9JI.X.  Srasrln*  STOlOO-OlB,  jtre,  and  the  «iawoo»i- 

nwiantnn  fff  tha  lover  eoodult  vhleh  vlll  be  supplied  by  Oanaral  Mlili 

-  ,  7  gtmli  rxaAt  "tequlreswota  of  referenced  pertlan*  ofagpllcabl*_ 

^  seeciflaatioo*  are  Halted  only  to  those  that  exist  If 
2tSr  iasW  tf  fuel  and  with  no  require^* 
but  only  f»  staring  It  In  varying  quantities  in  the  Inner 
by  Oeaaral  milk,  Inc.  *hi«  excludes  all  requirements 

peculiar  etaraetaristlcs  cf  aviation  fuel  in  contrast  to^tlw^charaeterist 
«f  wUr.  tint  arise  froo  direct  contact  of  a  liquid  load  vlth  any  part  of 
Sa  akin  and  structure  and  that  arise  free  provisions  that  nwat  be  *°f 
*  fuel.  10  consideration  need  be  given  to  the  freesing  charscte 

of  tha  liquid  load." 

k  m.—,  1  1  1  P  (Modified) .  MIL-T-737CA,  chu-U.  contain  the  following  exclusions 

for  rntwr  pr*lr=»  orloloa  fn. 

pylon  or  aircraft  characteristics . " 

5  Delete  Para.  3-5.7. 3.1*  K7L-T-737SA 

6  Para.  3.6.1,  KIWP-737BA,  delete  "riveting  through  the  tanh  wall  ohall  not 

be  peradtted". 

7  Para.  3.6.2,  «Wf-7378X,  delete  second  cent^ncc • 

a  Para.  3.7.,  H&-*-T373A,  Perforaance  (Modified)  - 

satisfy  the  parforwanoe  requirements  cf  Para.  3 *7.3  (Modified),  ^*7»7,  -£d» 
3.7.8  but  tasting  to  these  requireaents  in  net  required  by  this  worn  ste. . 

9  Add  Ebxa.  3.7.3  (Modified),  MIL-S-737&A.  deleting  "or  evidence  of  Icasag#". 

10  Add  Pars.  3.7.7  and  3.7*9  of  JTTL-7-7378A 

U.  Para.  3.10.1,  JOL-7-737SA,  delete  "plus"  frosa  line  7  and  delete  coe^detoiy 
lines  8  thru  12. 
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emSH  fo  tmWDKBtM  QMS  -  29100-087  (Sgntlmod) 

13  ran.  4.1.1  •  Station  13 *0  .Infitood  of  StatU®  U«3L 

14  funu  4.1.4  -  Station  13*0  iaotoad  at  Katie®  15.3* 

15  Add  4.1.3  "firookotojr  in  forward  osqortnent. 

1 6  Am.  4.8.11,  aid  "fho  vnfcilicol  ocnnootian  oan^t  ohollboiaotaUM 
cenplato  with  wirlas  iM  qyick  diaooonoot  aannoctor-far  ooueootloa  to  wo 
w l«n.  SAX.  will  fu&l?  wiro  foor  the  ushllloal  ewduit. 

It  Add  Km.  4.3  (tertian  joint  oteneet.iaoo  uotobt  bolt  mowed. 

lfi  Add  Km.  4.6  Aoeooo  doaro  *ro  to  to  Movrod  with  quiet  dlooooooat  Kstomaro 
ind  in  to  ho  chain  ooonmd  to  Wo  tank  aoooWIy. 

IS  Add  Km.  10.0  Spam  Krtoi  Ooo  (i)  19am  oot  of  aportaro  do**  io  to  hi 

_ _ — *  a  -  » 


io  to  bo 


80  Add  Km  4.7  Brain  flttlnc*  Wall  bo  jmridad  bo  omllod  **»t  «  fcooia*  891O0-0S6. 


Page  determined  to  be  Unclassified 

Reviewed  Chief,  RDD,  WH 
IAW  EO  13526,  Section  3.5 
Date:  JUL  1  9  200 


_ I 


APPENDIX  B 


Specification  for 
Filament  Wound  Fiberglass  Tank 


Page  determined  to  be  Unclassified 
Reviewed  Chief,  ROD,  WHS 
IAW  EO  13526,  Section  3.5 


ELECTRONIC  DIVISION 


tui  enmui.  avsnuc.  mindunu*  if,  minnctota 


General 

Mills 


SHEET _ _ _ OF - — 


RELEASE  DATE _ 3ePtt  §1 


engineering  department 


qpgriFtr ation  OB  -  2Q100-022 


TANK,  FllAMEST  WOUND,  7TB£SGLASS 


# 


page  determined  to  be  Unclassified 
Reviewed  Chief,  RDD,  WHS 
I  AW  EO  13526,  Section  3^5 

urn:  JUL  19  200 


Best  Available  Copt 


1 

i 


i 

i 


ECO  NO.  REV. 


PROJECT 


ENr.1  NCCR 


date  iNi}  I 


I 

I 

i 


PP??OV£D 

Y 


ENGINEER 


I 


CHlfP  PRC JCCT  ENGiNtr»f 


SHEET _ 1 _ .OF. 


2 


ELECTRONIC  DIVISION 


Ittf  CJtHTNAL  AVKNUC.  MINNEAPOLIS  It,  MINNESOTA 


Qmnmrm 1 

Mflls 


RELEASE  DATE— 


Sept.  6,  1961 


engineering  department 


SPECIFICATION. _ C3IB-391QP-022 
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Laatex  Industries,  Inc.,  vill  design,  fabricate  and  deliver  to  General. 
Mill*  two  filament  wound  fiberglass  tanka  conforming  to  the  following 
requirements: 

1.  Tank  dimension*  and  configuration  will  be  In  accordance  with 
General  Mill*  drawing  No.  5X29100-013.  Tank  diaenalona  not  apeclfled  on 
drawing  No.  *29100-018,  such  &a  wall  thlcknesBea,  are  to  be  determined  by 
Imatex  so  as  to  be  compatible  with  tank  design  and  performance  requiremenia. 

2.  The  volume  of  the  tack  shall  be  the  maximum  volume  compatible  with 
the  space  envelope  shown  on  drawing  No.  SK29100-G1Q  and  strength  requirements, 
but  should  not  be  less  than  185  gallons.  The  residual  liquid  should  not 
exceed  7  gallons  when  the  aircraft  la  In  level  flight  at  the  end  of  a  dis¬ 
semination  run. 


3-  Anti-slosh  bulkheads  vill  be  provided  as  shown  on  drawing  No. *29100- 

018. 

k.  A  stainless  steel  ring  will  be  provided  at  the  larger  end  of  the 
tank.  The  dimensions  and  configuration  of  the  part  of  the  eteel  ring  external 
to  the  tank  shall  be  aa  shown  on  drawing  No.  SK29100-018. 

5*  The  tank  (empty,  partially  full  or  full)  must  be  able  to  withstand 
the  following  loading  conditions  in  any  combination  without  damage  or  leakage; 

(a)  Inertia  load  factore  in  accordance  with  MIL-A-8591  for  a 
2000  pound  store  including  arrested  landing  and  catapult 
take  off. 

(b)  Slosh  and  vibration  conditions  as  specified  in  MIVT-7378. 

(c)  Internal  pressure  up  to  15  pel  due  to  altitude  change. 

6.  The  tank  shall  be  capable  of  being  subjected  to  the  following 
temperature  environments  without  damage  or  deterioration: 

(a)  When  full  or  partially  full,  uci-r  flight  or  storage 
conditions,  33°  F  to  70°  F. 

(b)  When  empty,  under  flight  or  storage  conditions, 

’  -65°  F  to  1600  F, 
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(c)  ft<r  decontamination  exposure  to  at  as  at  250°  T  for 

hour*. 

(d)  Thermal  shock,  interior  surface  of  tank  at  65°  T 
exposed  to  steam  at  250°  ?. 

7.  The  tank  weight  shall  be  the  minimum  weight  consistent  with  volume 
and  strength  requirements. 

Q.  The  operating,  proofing,  and  bursting  pressures  of  the  tank  shall 
be  compatible  with  the  loading  requirements  given  above. 

9.  The  tank,  whan  full  and  mounted  in  the  under  wing  store  as  shown 
in  drawing  Ho.  3X29100-017,  shall  not  rupture  or  develop  a  leak  If  the 
store  is  dropped  10  feet  onto  a  concrete  surface. 

10.  The  tank  will  be  constructed  of  Lost ex  “Hystran"  material. 

11.  The  mold  release  material  used  in  the  fabrication  of  the  tank  shall 
be  the  Stoner  Rubber  Company  Buna  base  product  9CR1. 

12.  Laatex  will  furnish  to  General  Mills  a  complete  set  of  engineering 
design  drawings  for  the  tank  including  a  reproducible  and  tvo  prints  of 
each  drawing, 

13.  Lamtex  will  furnish  to  Oeneral  Mills  three  copies  of  the  design 
and  stress  analysis  calculations  made  on  t.he  tank. 

li».  Lamtex  will  furnish  to  General  Kills  in  triplicate  data  on  any 
tests,  such  aa  pressure  tests,  made  on  the  tank  as  part  of  their  normal 
design  procedure.  General  Mills  does  not  require  that  any  special  tests 
be  made  on  tha  tank. 

1$.  Packing  of  tanka  for  shipment  to  General  Mills  shall  be  in  a  manner 
suitable  for  train  or  truck  transportation. 


i 


i 

i 
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GENERATOR,  RAM  AIR  DRIVEN 


1.0  aoops 

1.1  Scope  -  This  specification  covers  the  requirements  for  a  rsa  air- 
driven  generator.  Specifically,  the  specification  pertains  to  the  Allison 
Division  of  General  Motors  Corporation,  Model  GA12UGH-92. 

1.2  Classification  -  The  0A124GH-92  generator  assembly  consists  of  a  ran 
air  turbine  assembly  driving  a  4.5  KVA  generator  intended  for  use  as  a  primary 
pover  source. 

2.0  APPLICABLE  DOCUMENTS 


The  following  documents  of  the  date  specified  shall  form  a  part  of  this 
specification  to  tho  extent  specified  herein: 

Specifications: 


MIL-2-5272A 

1 

Environmental  Testing,  Aeronautical  and 
Associated  Equipment,  General  Specification 
for,  dated  16  September  1952 

|  MIL-G-60S9 

Generators  and  Regulators,  Aircooled  A-C, 
Aircraft  General  Specification  for,  dated 

19  April  1950 

J  MIL-S-7742A 

Screw  Threads,  Standard  Optimum  Selected 
Series,  General  Specification  for,  dated 

3  December  1959 

1  MIL- 8-709^ 

Electrical  Pover,  Aircraft  Characteristics  of 
dated  17  May  1955 

|  MIL-D-70327U) 

Drawings,  Engineering  and  Associated  Tests, 
dated  1  July  1959 
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Standards: 

MIL-3TO-13CA 


Identification  Harkings  of  U.S.  Military 
Property,  dated  8  September  1953 


M3L-OTD-210A, Chg.  1  Climatic  Extremes  for  Military  Equipment 

dated  30  November  1953 


Cravings: 

GMI  SK29100-019  Generator -Ram  Air  Driven  dated  9/2l/6l 

Revision  A 

3.0  RatjuiRaffiRTS 

3.1  Components  -  The  generator  assembly  shall  consist  of  a  ram  air 
turbine  drive  unit  coupled  to  a  115/200  volt,  kX)  cpa,  3-phase,  vy-i  connected 
generator. 

3.1.1  Ram  Air  Turbine  -  The  ram  air  turbine  shall  be  a  two  blade  unit 
with  a  self-contained  mechanical  governor.  The  governor  shall  be  housed  in 
the  turbine  spinner  and  act  to  change  the  turbine  blade  pitch  to  maintain  the 
generator  rpo  between  11, kOO  and  12,900  rpm. 

3.1.2  Generator  -  The  generator  shall  be  rated  at  A.  5  KVA  at  .75  power 
factor  and  a  nominal  115/200  volts.  The  electrical  characteristics  of  the 
generator  shall  be  identical  to  the  Allison  Model  PGA12UGH-D4  generator  assembly. 
The  generator  shall  be  made  up  of  a  three-phase,  ,'vye"  connected  stator  and  a 
built-up  permanent  magnet  rotor  and  it  sliall  have  no  brushes,  slip  rings,  or 
rotor  windings.  The  output  voltage  shall  be  controlled  by  a  solid  state  volt¬ 
age  regulator. 

3. 1.2.1  Voltage  Regulator  -  The  voltage  regulator  shall  be  a  solid  state 
device.  The  entire  voltage  regulator  assembly  shall  be  encapsulated  in  a 
material  designed  to  withstand  the  environmental  conditions  outlined  in 
MXL-STD-210A  Chg.  1.  The  voltage  regulator  shall  be  housed  in  a  moisture- 
proof  container  suitable  for  mounting  or.  a  flat  heat  conductive  surface.  The 
physical  dimensions  of  the  regulator  shall  not  exceed  the  following: 

Length  -  four  inches 

Width  -  Three  and  one-half  inches  Page  determined  to  be  Unclassified 
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The  weight  of  the  regulator  shall  not  exceed  three  pounds.  A  Bendix  Scinflex 
P/IT  10-^2220- 7P  type  connector  shall  be  used  to  provide  necessary  electrical 
connections. 

3.2  Standard  Farts  -  AN  and  MS  standard  parts  shall  be  u3ed  where  suitable 
for  the  purpose.  These  parts  shall  be  identified  by  the  standard  parts  number. 

3.3  Material  and  Processes  -  The  materials  and  processes  used  shall  be  of 
high  quality,  suitable  for  the  purpose,  and  shall  conform  to  government  speci¬ 
fications  where  applicable.  Material  conforming  to  Allison  or  AMS  specifi¬ 
cations  may  be  used.  Approved  materials  or  processes  shall  be  those  materials 
or  processes  used  in  the  manufacture  of  the  unit  which  passes  the  official  quali¬ 
fication  test  specified  herein  or  are  subsequently  approved  through  a  material 
change. 

3.3.1  Protective  Treatment  and  Coatings  -  All  parts  not  in  constant  contact 
with  oil,  except  working  surfaces,  threads,  or  drive  pad  faces,  shall  be  corrosion 
resistant  or  suitably  protected. 

3.4  Design  and  Construction 

3.4.1  Operation  -  The  generator  assembly  provides  electrical  power  by 
means  of  a  ram  air  turbine  consisting  of  blades,  hub,  spinner,  shaft,  and  a 
fly-weight  spring  governor  which  maintains  approximately  constant  rpm  by  con¬ 
trolling  blade  pitch. 

3. 4. 1.1  Operating  Speed  -  The  ram  air  turbine  governor  shall  be  capable 
•of  maintaining  turbine  3peed  vithiu  the  range  of  11, 400  to  12,900  rpm  (380-430 

cps)  under  steady  state  operating  conditions  with  ram  air  inlet  velocities 
within  the  range  of  300  to  650  KTAS  at  an  altitude  of  500  feet. 

3. 4. 1.1. 1  Over speed  -  During  load  transients  and  during  starting  the  ram 
air  turbine  governor  shall  maintain  turbine  speed  within  the  range  of  10,800 
to  13,500  rpm  (360-450  cpe).  Following  a  loal  transient  or  starting,  steady 
state  operation  shall  be  established  within  3  seconds. 

3. 4. 1.2  Direction  of  Rotation  -  When  viewed  from  the  rear  the  direction 
of  rotation  of  the  air  turbine  and  the  alternator  shall  be  counter-clockwise. 


3.4.2  Balance 
exceed  0.01  oz.  in. 


The  amount  of  unbalance  of  rotating  components  shall  not 
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3.L.3  Lubrication  -  All  lubrication  points  shall  be  permanently  lubricated 
at  assembly. 


3*4.4  Connectors  -  The  electrical  connectors  on  the  generator  shall  be  as 
shewn  on  the  outline  drawing,  (OMI  SK29100-019). 

3*4.5  Structure 

3*4. 5*1  Mounting  Provisions  -  Generator  mounting  provisions  shall  be  ae 
shown  on  the  outline  drawing,  (GMI  SC29100-019). 

3*4. 5*2  Overspecd  Integrity  -  The  unit  shall  be  capable  of  operation  at 
15000  rpm  for  a  period  of  one  minute  with  no  output  load. 

3*4. 5*3  Ultimate  Structural  Load  -  The  generator  unit  and  Its  mounting 
provision  Bhall  be  capable  of  withstanding  an  ultimate  acceleration  of  4g  g's 
parallel  to  the  mounting  base  and  along  the  transverse  axis  and  a  simultaneously 
applied  air  load  drag  based  upon  on  airspeed  of  800  Kts  EAS. 

3*5  Performance  -  The  performance  specified  herein  is  based  upon  operation 
of  the  generator  with  its  axis  of  rotation  within  *1  degree  of  the  direction  of 
airflow:  All  air  velocities  specified  are  free  stream  velocities. 


3.5.1 

Ratings  -  The 

performance  ratings 

shall  be  as  follows: 

/ 

Standard  Conditions 

Rating 

Airspeed 
Kts,  EAS 

Turbine  Rotor 
Speed  rpm 

Electrical  Load 

KVA  (Min.) 

Power 

Factor 

Continuous 

300  -  6’»0 

12,000 

4.5 

•75 

Condition  T 

300  -  650 

12,000 

10.0 

*65 

Condition  II 

300  -  650 

12,000 

4.8 

.65 

IXiring  power  transients  a  pea*  load  as  defined  by  Condition  I  shall  be 
permitted  for  50  milliseconds  followed  by  a  secondary  load,  Condition  II,  the 
duration  of  which  shall  not  exceed  12  seconds. 


3*5*2  Altitude  -  Temperature  Limits  for  Operating  -  The  generator  assembly 
shall  be  capable  cf  operation  at  ail  altitudes  between  sea  level  and  45,000  feet 
pres sure' altitude,  at  all  airspeeds  between  300  and  65c  Kts  EAS, and  throughout 
the  temperature  range  cpeclfied  in  MIL-STD-210A  Chg.  1. 
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3.5.3  Drag  -  The  drag  force  of  the  ram  air  turbine  generator  shall  he  the 
minima  valuecampatible  with  good  turbine  design  and  in  no  case  shall  it  exceed 
100  lbs.  at  650  Kts  EAS. 


t 


1 


3.5.I»  Environment  -  The  ram  air  turbine  generator  shall  be  capable  of 
passing  the  requirements  of  paragraph  4.1. 3  after  being  subjected  to  the  environ¬ 
mental  tests  of  paragraphs  3*5*^*1  through  3*5.4. 9-  However,  testing  to  para¬ 
graphs  3. 5. 4.1  through  3. 5.4. 9  is  not  required  if  previous  ram  air  turbine  generator 
units  of  the  same  design  and  materials  have  passed  these  tests. 

3. 5. 4.1  Temperature  Shock  -  (Ref.  Para.  4.3.1  of  MIL-E-5272)  -  The  turbine 

generator  assembly  shall  be  capable  of  being  subjected  to  (3)  three  temperature 
cycles  consisting  of  four  (4)  hours  in  a  chamber  maintained  at  185  7  ivnl  four 

(4)  hours  in  a  chamber  maintained  at  -4o®  F  with  a  maximum  of  five  (5)  minutes 
between  temperature  changes.  Within  one  (l)  hour  of  completion  of  this  tost, 
the  unlu  shall  be  capable  of  meeting  requirements  of  paragraph  4.1.3. 

3. 5. 4.2  Salt  Spray  -  The  turbine  generator  assembly  shall  be  capable  of 
being  subjected  to  a  salt  spray  te3t  which  meets  the  conditions  outlined  in 

'  paragraph  4.6  of  MIL-E-5272.  The  test  period  shall  be  for  a  duration  of  100 
hours  at  a  temperature  of  95°  F.  Upon  completion  of  the  tect  the  unit  shall 
pass  the  requirements  of  paragraph  4.1.3. 

30.4.3  Shock  -  (Ref.  Para.  4.15-2.1  of  MIL-E-5272)  -  The  turbine  gener¬ 
ator  assembly  shall  be  capable  of  withstanding  16  impact  shocks  of  15  G,  con- 
cisting  of  three  shocks  applied  in  each  direction  along  each  of  the  three 
mutually  perpendicular  axes.  Each  shock  impulse  shall  have  a  time  duration  of 
11  tl  milliseconds.  The  "G"  value  shall  be  within  tio  percent  when  measured 
with  a  100  epa  filter  and  the  maximum  "G”  value  shall  occur  at  approximately 
5.5  milliseconds.  There  shall  be  no  mechanical  failure.  The  unit  shall  be 
capable  of  meeting  the  requirements  of  paragraph  4.1.3  upon  completion  of  this 
test. 


3. 5. 4. 4  Sand  and  Dust  -  The  turbine  generator  assembly  shall  be  capable 
of  being  placed  in  a  test  chamber  and  subjected  to  a  sand  dust  concentration 
for  six  hours.  The  conditions  in  the  test  chamber  shall  be  as  follows: 


a.  The  relative  humidity  shall  not  exceed  30  percent.  ; 

b.  The  sand  dust  concentration  shall  be  raised  to  and  j 

maintained  at  0.3  -0.2  grams  per  cubic  foot.  j 

c.  The  internal  temperature  shall  be  77°  t3°  7.  • 

d.  The  sand  and  dust  laden  air  velocity  shall  be  ICO  j 

to  500  feet  per  minute.  f 
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The  sand  and  dust  mixture  shall  have  the  characteristics  outlined  in  para¬ 
graph  *.11.1  of  M3X-E-52T2.  This  test  shall  be  repeated  with  an  internax _ _ 

teayerature  of  l60°  t3°  ?.  The  unit  shall  pass  the  requirements  of  paragraph 
4.1.3  upon  completion  of  this  test. 


3.5. 4.5  Humidity  -  The  turbine  generator  assembly  shall  ^ 
being  placed  in  a  suitable  test  chamber  (per  paragraph  4.4.1  of 
and  subjected  to  15  cycles  (360  hours).  Each  cycle  shall  consist  of  the 
following:  ' 


(a)  The  internal  test  chamber  temperature  shall  be  uniformly 
raised  from  84°  ♦  16°  ?  to-l60°  F  during  a  2  hour  period. 


(b)  The  ]60°  temperature  and  relative  humidity  of  95  percent 
shall  be  maintained  during  the  following  six  hour  period. 
Distilled  or  demineralized  water  having  a  pH  value  of 

7  to. 5  at  77°  F  shall  be  used  to  obtain  the  desired  humidity. 

(c)  The  internal  test  chamber  temperature  shall  be  uniformly 
reduced  to  84°  ♦  16°  F  during  the  following  16  hour  period. 


The  unit  shall  pass  the  requirements  of  paragraph  4.1.3  upon  completion 
of  this  test. 

3. 5* 4.6  FunguB  -  The  turbine  generator  assembly  shall  be  capable  of 
being  sprayed  or  dipped,  in  a  spore  suspension  prepared  in  accordance  with  the 
requirements  of  paragraph  4.3.1  of  MIL-E-5272,  and  then  placed  in  a  test 
chamber  capable  of  maintaining  the  relative  humidity  at  95  percent  and  the 
internal  temperature  at  36°  F  for  a  test  period  of  28  days.  The  unit  shall 
pass  the  requirements  of  paragraph  4.1.3  upon  completion  of  this  test. 

3. 5. 4. 7  Vibration  -  (Ref.  Para.  4.7.1  of  MIL-E-5272)  -  The  turbine 
generator  assembly  shall  be  capable  of  being  subjected  to  the  tests  defined 
in  (a)  and  (b)  below.  The  unit  shall  not  be  operated  during  these  testB. 


(a)  Resonance  The  unit  sha-l  be  scanned  along  each  of  its  three  (3/ 
mutually  perpendicular  axes  for  resonant  frequencies  throughout 
the  range  of  10  to  500  ops  at  an  applied  douole  amplitude  of 
.03^0  inch  or  an  applied  acceleration  of  -10  Gr  whichever  iS  the 
limiting  value.  The  unit  shall  be  vibrated  at  the  resonant 


frequency  along  each 

axis  as  follows: 
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Wh®n  acre  th*n  one  resonant  frequency  is  encountered  with 
vibration  applied  along  any  one  axis,  the  test  period  may  be 
accomplished  at  the  most  severe  resonance  or  the  period  may 
be  divided  among  the  resonant  frequencies,  vhic  lever  is  con¬ 
sidered  most  likely  to  produce  failure.  When  resonant  fre¬ 
quencies  are  not  apparent  within  the  above  range  of  frequencies, 
the  generator  shall  be  vibrated  for  periods  twice  as  long  as 
'  those  specified  in  (1),  (fe)*  and  (3)  above  at  a  frequency  of 
55  ops  and  an  applied  double  amplitude  of  .060  inch. 


(b)  Cycling  The  unit  shall  be  cyclic  vibrated  along  each  of  its 
three  mutually  perpendicular  axes  between  10  and  500  cps  in 
15  minute  cycles  at  an  applied  double  amplitude  of  0.036  inch 
or  an  applied  acceleration  of  !l0  G,  whichever  is  the  limiting 
value.  The  testing  period  and  temperatures  Bhall  be  the  same 
as  apecified  in  paragraph  3. 5 . h. .  7  (a),  (l),  (2),  and  (3).  The 
linear  acceleration  along  either  of  the  other  two  mutually 
d'  perpendicular  axes  shall  not  exceed  15$  of  the  linear  acceler¬ 

ation  along  the  axis  being  excited.  The  angular  acceleration 
shall  not  exceed  2.5$  of  the  linear  acceleration  along  the 
axis  being  excited,  per  inch,  as  measured  along  a  radiua  of  the 
angular  acceleration.  (For  example:  If  the  linear  acceleration 
ia  10  G's  along  the  axis  being  excited,  no  angular  acceleration 
can  exceed  .25  G's  at  a  one  inch  radius  from  the  axis  of  the 
angular  acceleration. )  The  above  linear  and  angular  acceleration 
limits  apply  to  the  fixture  surface  against  which  the  unit  mounts 
over  the  area  of  contact  between  the  unit  and  this  surface. 

There  shall  be  no  indication  of  damage  or  mechanical  failure. 

The  unit  shall  pass  the  requirements  of  paragraph  4.1.3  upon 
completion  of  this  test. 


3. 5. I*. (3  Lev  Temperature  Start  -  The  unit  shall  be  capable  of  being  mounted 
in  a  suitable  wind  tunnel  at  a  stabilized  ambient  temperature  of  -65°  F  snd 
undergo  the  following  tests: 


(a)  With  the  turbine  rotor  blocked,  establish  within  30  seconds  a 
steady  state  air  velocity  of  360  Kts  EAS  and  remove  blockage. 

The  unit  tshali  et-rt  and  accelerate  to  11,400  rpm  with  a 
4500  VA  (at  .75  P.F. )  load  applied  within  4  seconds  from  removal 
of  blockage.  The  unit  shall  complete  ten  such  starts.  In  place 
of  blocked  rotor  operation  it  shall  be  permissible  to  suddenly 
eject  the  unit  into  the  established  airstreont. 
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(b)  Upon  completion  of  ten  starts,  the  unit  shall 
requirements  of  paragraph  4.1.3* 

3. 5. 4. 9  H<ffh  Temperature  Start  -  The  unit  shall  be  capable  of  being 
mounted  in  a  suitable  wind  tunnel  at  a  stabilized  ambient  tenperat'.-*<i  of 
160°  f  and  undergo  the  following  tests; 

(a)  With  the  turbine  rotor  blocked,  establish  within  30  seconds 
a  steady  state  air  velocity  of  3&0  Kts  S AS  and  remove 
blockage.  The  unit  shall  start  and  accelerate  to  11,400 

rpm  with  a  4500  VA  (at  .75  P.F. )  load  applied  within  4  seconds. 
The  unit  shall  complete  10  such  starts.  In  place  of  blocked 
rotor  operation  it  shall  be  permissible  to  suddenly  eject  the 
unit  into  the  established  nirstream. 

(b)  Upon  completion  of  JO  starts,  the  unit  3hnll  meet  the  require¬ 
ments  of  paragraph  4.1.3. 

3.5.5  Generator  Performance 

*  3. 5. 5.1  Wave  Form  -  The  crest  factor  and  harmonic  content  line-to-line 

and  line-to-neutral  of  the  output  voltage  shall  conform  to  the  requirements  of 
specification  MIL-G-6099- 

3. 5*5- 2  Short  Circuit  Capacity  -  The  generator  shall  be  capable  of 
supplying  300  percent  rated  current  during  u  single  or  three-phase  fault  con¬ 
dition  for  three  seconds  without  impairment  of  generator  characteristics. 

3. 5*5'3  Unbalanced  Load  -  The  generator  shall  be  capable  of  meeting  the 
following  unbalanced  load  requirements  at  400  cps,  115  volts  nominal  and  12,000 
rpm.  The  percent  unbalance  of  line  vdltagv  shall  be  defined  as  100  times  the 
may 1 mum  deviation  of  the  line  voltage  from  the  average  of  the  three  line 
voltages  divided  by  the  average  of  the  three  line  voltages. 

(a)  With  a  1500  VA,  l.OP.F.,  3  phase  load  applied  and  an  additional 
single  phase  1.0  P. F.  1'ne  to  neutral  load  of  500  VA  and  ICOO  VA 
added  individually,  the  maximum  value  of  voltage  unbalance  shall 
not  exceed  6.0  percent. 


(b)  With  the  generator  carrying  no  three  phase  load,  a  single  phase 
line  to  neutral  1.0  P.F.  load  of  500  VA  and  1000  VA  shall  be 
added  individually.  The  maximum  value  of  voltage  unbalance 
shall  not  exceed  6.0  percent. 
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(c)  With  a  3000  VA,  1.0  P-F.  3  phase  load  applied  and  aa  additional 
single  phase  line  to  neutral  1.0  P.F.  load  of  $00  VA  and  1000 
VA  added  individually,  the  maximum  value  of  voltage  unbalance 
shall  not  exceed  6.0  per  cent. 

3.5.5.U  Generator  Cooling  -  Generator  cooling  during  operation  shall  be 
obtained  by  providing  a  suitable  means  for  conducting  the  heat  from  the  gener¬ 
ator  to  the  outer  shroud.  Heat  removal  by  means  of  ram  air  cooling,  cooking 
ports,  will  not  be  utilized.  The  maximum  allowable  surrounding  air  ambient 
temperature  when  not  operating  will  be  250°  F.  The  maximum  allowable  operating 
temperature  will  be  l6o°  F. 

3.5. 5. 5  Voltage  Regulation  -  The  voltage  regulator  shall  maintain  the 
generator  voltage  within  the  limits  of  t2.5$  during  steady  state  conditions 
and  between  the  following  voltage  limits  and  load  conditions  for  all  designed 
operating  speeds  and  environments  as  defined  in  MIL-DTD-210A  Chg.  1. 

Conditions  Voltage 

4.0  KVA,  p.  f.  -  .75-1.0  106-121 

4.5  KVA,  p.  f.  *  -75-1.0  103-124 

3.6  Interchangeability  -  All  pou-ts  having  the  same  manufacturer ' s  part 
number  shall  be  functionally  and  dimensionally  interchangeable-  The  drawing 
number  requirements  of  specification  KIL-D-70327  shall  govern  changes  in 
manufacturer's  part  numbers. 

3.7  Drawings  -  Allison  Division  of  General  Motors  will  furnish  to  General 
Mills,  Inc.  a  complete  set  of  engineering  design  drawings  for  the  ram  air 
turbine  generator, (Model  GA  124GH-92)  including  a  reproducible  and  two  prints 
of  each  drawing. 

3-u  Weight  of  Complete  Unit  -  The  maximum  weight  of  the  complete  ram  air 
turbine  generator  assembly  shall  net  exceed  4j  pounds. 

3.9  Identification  of  Product  -  Equipment  assemblies,  and  parts  shall  be 
marked  for  ideutif ication  in  accordance  with  standard  MIL-STD-130. 

3-10  Screw  Threads  -  All  conventional  straight  screw  threads  shall  be 
in  accordance  with  the  requirements  of  specification  MIL-S-7742. 

3-11  Workman  oh  ip  -  The  workmanship  and  finish  or.  all  parts  shall  be  in 
accordance  with  high  grade  aircraft-  practice. 
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4.0  QUALITY  ASSURANCE  PROVISIONS 

4.1  Acceptance  Tests  -  Acceptance  testa  are  those  tests  conducted  by 
Allison  Division  of  General  Motor*,  on  the  ram  air  turbine  generator  assembly 
(required  by  General  Mills,  Inc.)  to  demonstrate  suitable  quality  control, 
correct  assembly  and  performance. 

4.1.1  Accuracy  of  Data  -  All  inrt rumentat ion  shall  be  suitable  for  the 
testing  to  be  conducted  and  shall  not  be  detrimental  to  test  tolerances. 

4.1.2  Test  Conditions 

4. 1.2.1  Operating  Teat  Conditions  -  All  tests  shall  be  conducted  at 
approximately  sea  level  altitudes  and.  all  data  used  to  establish  power  output 
chall  be  corrected  to  NACA  Standard  Day  sea  level  conditions.  All  air 
velocities  specified  herein  are  free  stream  and  all  tunnel  air  velocities 
used  for  testing  shall  be  equivalent  to  free  stream  velocities.  The  test 
shall  be  conducted  at  ambient  temperatures. 

4. 1.2. 2  Mounting  -  The  unit  shall  be  mounted  in  a  suitable  wind  tunnel 
with  its  axis  of  rotation  parallel  within  1°  to  the  direction  of  air  flow. 
Mounting  facilities  are  to  have  negligible  effect  on  power  performance. 

4. 1.2.3  Generator  Loads  -  The  following  loads  shall  be  used  for  deter¬ 
mining  the  performance  of  the  unit  during  testing. 


Load  I 
Load  II 
Load  III 


No  load, 

Balanced  3  phase,  4000  VA  at  .80  PF 
Balanced  3  phase,  !*800  VA,  at  .  65PF 


4,1.3  Test  Methods  -  The  following  tests  shall  be  performed  on  the  unit 

4.J.3.I  Balance  -  The  unit  shall  be  tested  for  dynamic  unbalance.  The 
amount  of  unbalance  of  rotating  components  shall  not  exceed  0.01  oz.  In.  The 
measured  vibration  acceleration  of  the  unit  when  operated  at  12,000  *0.5$  rpm 
and  Load  I  applied  shall  not  exceed  40.0  G's. 


4. 1.3.2 
operation: 


The  unit  shall  be  subjected  to  the  following  test 


(a)  With  Luad  I  applied  to  the  unit,  increase  the  air  velocity 
to  650  Kt3  EA5  minimum.  The  unit  rotational  speed  shall 
not  exceed  12,900  rpm. 
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(b)  With  Load  II  applied  to  the  unit,  decrease  the  air  velocity 
from  650  Kts  EAS  to  300  Kts  EAS  maximum.  The  unit  rotational 
speed  shall  not  be  less  than  11,  **00  rpn. 


f 


(c)  With  Load  II  applied  to  the  unit  operating  i:  in  air  velocity 
of  650  Kts  EAS  minimus,  suddenly,  apply  Load  I.  The  transient 
rotational  speed  of  the  unit  shall  be  within  the  limitB  of 
10,800  to  13,500  rpm  and  shall  return  to  steady  state  con¬ 
ditions  within  3  seconds  after  load  change.  The  steady  state 
rotational  speed  shall  be  within  the  limits  of  11,  **00  to 
12,900  rpa. 

(d)  With  Load  I  applied  to  the  unit  operating  in  an  air  velocity 
of  300  Kts  EAS  minimum,  suddenly  apply  Load  III.  The  transient 
rotational  speed  of  the  unit  shall  be  within  the  limits  of 
10,800  to  13,500  rpm  and  shall  return  to  steady  state  conditions 
within  3  seconds  after  load  change.  The  steady  state  rotational 
speed  shall  be  within  the  limits  of  11, **00  to  12,900  rpra. 

(e)  With  Load  II  applied  to  the  unit,  slowly  increase  the  air 
velocity  to  650  Kts.  EAS  minLmum,  then  slowly  decrease  the  air 
velocity  at  a  uniform  rate.  There  shall  be  no  evidence  of 
governor  oscillation  above  300  Kts  EAS  minimum. 


U.l.3.3  Voltage  Regulation  -  The  unit  shall  be  subjected  to  the  following 
test  operation: 

(a)  With  Load  I  applied  to  the  unit,  and  with  an  air  velocity  of 
650  Kts  EAS,  the  steady  state  line  to  neutral  voltage  of  any 
of  the  three  phases  shall  not  exceed  118  volts. 


(b)  With  Load  III  applied  to  the  unit  and  with  an  air  velocity 
of  300  Kts  EAS,  the  steady  state  line  to  neutral  voltage  of 
any  of  the  three  phases  shall  not  fall  below  112  volts. 

U.l.t  Rejection  and  Rctes .  -  If  the  unit  does  not  pass  the  requirements 
of  paragraph  **7 1 . 3  it  shall  be  rejected.  A  rejected  unit  may  be  reworked  or 
have  parts  replaced  to  correct  the  defects,  and  resubmitted  for  acceptance. 
Before  resubmitting,  full  particulars  concerning  previous  rejection  and  the 
action  taken  to  correct  the  defects  found  in  the  original  unit-  shall  be  fur¬ 
nished  General  Rills,  Inc. 
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4.2  Qualification  Teats  -  Qualification  Testa  are  those  tests  accomplished 
on  the  generator  assembly  to  demonstrate  suitability  for  production.  The  gener¬ 
ator  assembly  to  be  sold  to  General  Mills,  luc.  ahall  be  identical  in  material 
and  workmanship  to  similar  generator  assemblies  which  have  passed  qualification 
teats  for  production  thereby  precluding  any  requirement  for  ouch  tests  on  this 
model. 

f 

4.3  Reports  -  A  complete  record  Bhall  be  kept  of  the  progress  and  results 
of  all  tests.  Upon  completion  of  testing,  a  complete  teBt  report  oh&ll  be 
prepared  and  three  copies  submitted  to  General  Mills,  Inc.  for  approval.  General 
Mill*,  Inc.  also  reserve  the  right  to  provide  a  witness  for  any  or  all  acceptance 

teats. 


5-0  PREPARATION  FOR  DELIVERY 


5.1  Packaging  and  Packing  -  The  unit  3hall  be  packaged  to  assure  arrival 
at  the  destination  in  a  clean  and  undamaged  condition.  Where  applicable  all 
openings,  mounting  faces,  and  external  exposed  parts  shall  be  provided  with 
suitable  temporary  coverings  to  exclude  dirt  and  prevent  damage.  All  protective 


covers  must  be  of  a  configuration  that  prohibits  assembly  with  mating  parts 


without  removing  the  cover. 
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DEPARTMENT  OF  DEFENSE 
WASHINGTON  HEADQUARTERS  SERVICES 

1  155  DEFENSE  PENTAGON 
WASHINGTON,  DC  20301-1  155 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 

(ATTN:  WILLIAM  B.  BUSH)  AUG  1 

8725  JOHN  J.  KINGMAN  ROAD,  STE  0944 
FT.  BELVIOR,  VA  22060-6218 


SUBJECT:  OSD  MDR  Cases  12-M-3144  through  12-M-3156 


At  the  request  of  I 


Review  of  the  documents  in  the  above  referenced  cases  on  the  attached  Compact  Disc  (CD) 


under  the  provisions  of  Executive  Order  13526,  section  3.5,  for  public  release.  We  have 
declassified  the  documents  in  full.  We  have  attached  a  copy  of  our  response  to  the  requester.  If 
you  have  any  questions,  please  contact  Ms.  Luz  Ortiz  by  phone  at  571-372-0478  or  by  e-mail  at 
luz.ortiz@whs.mil,  luz.ortiz@osd.smil.mil,  or  luz.ortiz@osdj.ic.gov. 


(SKJ - 


Robert  Storer 

Chief,  Records  and  Declassification  Division 


Attachments: 

1 .  MDR  request  w/  document  list 

2.  OSD  response  letter 

3.  CD  (U) 


April  26,  2012 


Department  of  Defense 

Directorate  for  Freedom  of  Information  and  Security  Review 

Room  2C757 

1155  Defense  Pentagon 

Washington,  D.C.  20301-1 155 


Sir: 

I  am  requesting  under  the  Mandatory  Declassification  Review  provisions  of  Executive  Order 
13291,  copies  of  the  following  documents.  I  have  tried  several  times  to  acquire  them  through 
DTIC,  but  the  sites  stated  they  are  not  available. 

I  am  conducting  research  into  the  previous  methods  used  to  disseminate  biological  agents.  Many 
source  I  use  to  have  access  to  have  been  deleted  from  the  internet.  On  numerous  occasions  I 
have  been  informed  that  formerly  classified  information  that  was  declassified,  have  now  become 
classified  again  (since  911).  My  attempts  to  locate  such  Executive  Orders,  regulations,  laws,  or 
other  changes  to  this  question  have  not  successful  nor  revealed  a  specific  source.  As  such  I 
would  appreciate  any  information  you  can  shed  on  this  question. 

Documents  requested. 

AD  348405,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)Agents  Quarterly  j2-'M'3VVV 
Progress  Report  Number  14,  4  Sept  -  4  Dec  1 963,  G.  R.  Whitnah,  February  1 964,  General  Mills 
Report  number  2512,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  number  DA  18064  CML 
2745,|02.pages.  Prepared  for  U.S.  Army  Biological  Laboratories,  Fort  Detrick,  Maryland. 

Approved  by  S.P.  Jones,  Director  of  Aerospace  Research  at  General  Mills.  Project  No  82408 
General  Mills  Aerospace  Research  Division,  2295  Walnut  Street,  St.  Paul  1 3, Minnesota. 

AD  346751,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents,  Quarterly 
Progress  Report  Number  12,  March  4  -  June  4,  1963,  G.  R.  Whitnah,  July  1963,  General  Mills 
Report  number  2411,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  number  DA  18064  CML 
2745.  184  pages.  Approved  by  S.P.  Jones,  Director  of  Aerospace  Research  at  General  Mills. 

Project  No.  82408.  General  Mills  Aerospace  Research  Division,  2295  Walnut  Street,  St.  Paul  13 
Minnesota. 

AD  346750,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents,  Quarterly  H-M'ZHfa 
Progress  Report  Number  13,  4  June  -  4  Sept  1962,  G.R.  Whitnah,  October  1963,  General  Mills 


IX- 


27e450rt19pagesr(2?)51'  °enerai  Mi"S'  'nC"  MinneaPolis-  MN,  Contracl  Number  DA  18064  CML 

3s«3  isr  ssss^ssassss  **■* 

DA  1 8064  CMLTOS  IS  pages  ’  Ge"eral  M,"S•  ’nC'’  MinneaPolis"  ^  Contra« Number 

Mi"s’ ,nc-- Minneapolis’  ***• Conttact  “ 

m7s064  SSw  I9!^13'  °™eral  M,,ls  l"c-.Wm.«pais,MN,  Cm™ 

AD  329067,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents  Ouarterlv  /  2 -AA  ?/  os 
gSmT?  ^  SiX>  Whi,”ah-  *•"■*  19«  General  "ll  ^ 

offiCe  ^  !“  ^  °eneral  “"arch 

d  Development  Office,  2003  East  Hennepm  Avenue,  Minneapolis  13,  Minnesota. 

AD  327072,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents  Ouarterlv  /?-AA  VS7 
Progress  Report  Number  Five,  4  June  -4  Sept  1961.  by  G.R  Whitnah,  Novem£r ^1967^1 

CML  2745.  2249 '  General  MllIs* Inc-  Minneapolis,  MN,  Contract  Number  DA  1 8064 


«52s?i“ 

onm  c„.i  u  .  General  Mills  Electronics  Group,  Research  Dent 

2003  East  Hennepin  Avenue,  Minneapolis  1 3,  Minnesota.  225  pages.  P 

AD  324746,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents  Progress  o  ei^ 

2125  General  Mil  ^r'  by  °'R'  Whitnah’  0ctober  I960,  General  Mills  Report  Number  M 
2125,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  Number  DA  18064  CML  2745.  78  pages 

^^5R!’n^SMmil^ti0nn  f  S°’id  aild  Liquid  BW  (Biological  Warfare)  Agents,  Quarterly 
Genera  M H  F*0*  4  Sept  * 4  Dec  1 960>  ^  GR-  ^ah!  Febmary  1 961 , 

DA  18064  CMl1>745  General  Mllls>  Inc.,  Minneapolis,  MN,  Contract  Number 

D^paZenL  ^003  Fat  u  ^  Mechanical  Division  of  General  Mills,  Inc.,  Research 
partment,  2003  East  Hennepin  Avenue,  Minneapolis  13,  Minnesota. 


AD  323598,  Dissemination  of  Solid  and  Liquid  B  W  (Biological  Warfare)  Agents,  Quarterly  /z-jf-  3t ri> 
Process  Report,  for  penod  4  Dec.  1960-4  March  1961,  by  G.R.  Whitnah,  May  1961,  General 

rut5  07??  a^Umber  2200 ’  General  MHls’ Inc’  M5nneaPolis,  MN,  Contract  Number  DA  18064 
LML  2745.  95  pages. 

DifS'm“,ion  of,Solid  and  Lilluid  Bw  (Biological  Warfare)  Agents,  Quarterly  U-A-VSb 
Progress  Report  No.  10,  penod  Sept.  4,  1962  -  Dec.  4,  1962.  G.R.  Whitnah,  Project  Manager, 

Approved  by  S.P.  Jones,  Aerospace  Research,  February  1963.  247  pages. 


Sincerely 


